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REAL PARTY IN INTEREST 

Greatbatch, Ltd. (previously known as Wilson Greatbatch Technologies, Inc.), has acquired 
the entire right, title and interest in and to the invention, the application, and any and all patents to 
be obtained therefore. Greatbatch was assigned the patent apphcation by NanoGram Corporation, a 
corporation organized under the laws of the state of Delaware, and having offices at 165 Topaz St., 
Milpitas, California. On June 17, 2004, an assignment was executed transferring ownership from 
NanoGram Corporation to Wilson Greatbatch Technologies, Inc. recorded at reel 015552, frame 
0199, although NanoGram Corp. may have retained certain Ucensed rights The rights in the patent 
application were transferred to NanoGram Corp. as per the Assignment, recorded at Reel 01 1451, 
Frame 0570 from the inventors to NeoPhotonics Corporation and an assignment from NeoPhotonics 
Corporation to NanoGram Corporation recorded at Reel 013957, Frame 0076. Note that 
NeoPhotonics Corporation was formerly called NanoGram Corporation, and the present NanoGram 
Corporation is an independent corporation spun out from NeoPhotonics Corp. 

RELATED APPEALS AND INTERFERENCES 

U.S. Patent application 09/606,884 was appealed to the USPTO Board of Patent Appeals 
and Interferences. This application has now issued as U.S. Patent 7,214,446. This patent is 
assigned to NanoGram Corporation. A copy of the decision is attached. It is noted that the 
decision reversed the rejection. 

STATUS OF CLAIMS 

Claims 1-3, 6-18 and 22-29 are pending. Claims 4, 5 and 19-21 have been cancelled. 
Claims 1-3, 10, 17, 22, and 24-29 stand rejected. The rejection of claims 1-3, 10, 17, 22 and 24- 
29 is presently appealed. Claims 6-9, 1 1-16, 18, and 23 are free of any rejections and are objected 
to for depending on a rejected base claim. 
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In multiple Office Actions from December 28, 2001 through January 27, 2003, Examiner 
indicated that claims 11-16 and 18 contained allowable subject matter. After Applicant filed a 
Notice of Appeal and multiple Appeal Briefs beginning on August 20, 2003, Examiner issued a 
non- final Office Action dated February 7, 2007 without considering pending claims 11-16 and 18. 
Applicant notes that the Patent Office lost an initially filed Appeal Brief and significant delay 
resulted. The Office Action of February 7, 2007 had an error with respect to dropping claims 11-16 
and 18 from the application. Applicant inadvertently propagated this error in a Response filed on 
May 11, 2007. Applicant maintains that these claims were never canceled and remain pending and 
allowable. 

The appealed claims are listed in the Claims Appendix. 

STATUS OF AMENDMENTS 

All Amendments have been entered with the filing of the Appeal. 

SUMMARY OF CLAIMED SUBJECT MATTER 

The invention relates to powders, i.e., collections of particles, having a composition of a 
metal vanadium oxide. (See, for example, the abstract.) Metal vanadium oxides have a non- 
vanadium metal ion along with a vanadium ion within an oxide composition. (Specification, for 
example, page 4, lines 10-23.) The claimed composite metal oxide particles have an average 
particle size less than a micron. (Specification, for example, page 5, lines 1-18. Figs. 1 1 and 12, for 
example.) 

Any particular powder has particles that can be characterized by size. A collection of 
particles has an average particle size and a distribution of particle sizes, which are related but 
separate properties. The distribution of particle sizes relate to the size uniformity of the particles. 
Some of the pending claims specify particular distributions corresponding to highly uniform 



5 Application No. 09/969,025 

particles. (Specification, for example, page 31, lines 3-26. Fig. 12, for example. Claim group 4.) 
All of the claims directed to particle collections have a submicron average particle size. 
(Specification, for example, page 30, lines 1-19. Figs. 1 1, 12, 15, and 16, for example. Independent 
claim 1. Claim group 1.) In some embodiments, the particles have an average particle size from 
about 5 nm to about 100 nm (claim group 2), and in further embodiments, the particles have an 
average particle size from about 5 nm to about 50 mn (claim group 3). (Specification, for example, 
page 30, lines 1-19. Figs. 11, 12, 15, and 16, for example.). In some embodiments, the metal 
vanadium oxide is crystalline. (Specification, for example, page 32, lines 10-14. Figs. 9-12, for 
example. Claim group 5). 

Some of the pending claims relate to methods for forming metal vanadium oxide particles. 
(Independent claim 10. Claim group 4.) In the claimed methods, the metal vanadiimi oxide 
particles are formed by heating a mixture of vanadium oxide particles with a non-vanadium metal 
compound. (Specification, for example, page 26, line 29 to page 27, line 10. Figs. 6 and 7, for 
example.) The reactant vanadium oxide particles have an average particle size less than a micron. 
(Specification, for example, page 27, lines 1 1-22. Fig. 16, for example.) Apphcants' specification 
describes the formation of submicron vanadium oxide particles using a process called laser 
pyrolysis. (Specification, for example, page 4, hnes 26-33 and Example 1. Fig. 1, for example.). 
Through the description of the laser pyrolysis approach, AppUcants* specification enables the 
formation of the starting materials for the formation of submicron metal vanadium oxide materials. 
(Specification, for example, page 5, lines 1-18 and page 6, lines 18-27. Figs. 1-6, for example.) 
The present appUcation does not claim the formation of particles v^ith laser pyrolysis. 

Additional claims are directed to batteries formed with submicron metal vanadium oxide 
particles. (Independent claim 17. Claim group 1.) In particular, metal vanadium oxide particles are 
useful as cathode materials, especially for hthium-based batteries. (Specification, for example, page 
34, Une 14-page 36, line 24. Fig. 8, for example.) The submicron character of the metal vanadium 
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oxide particles can contribute improved performance in battery applications. (Specification, for 
example, page 34, line 14-page 36, line 24. Fig. 8, for example.) 

GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

A. The rejection of claims 1 and 17 under 35 U.S.C. § 102(b) as being anticipated by U.S. 
Patent 5,512,214 to Koksbang. 

B. The rejection of claims 1, 2, 17, 24, and 26 under 35 U.S.C. § 102(b) as being anticipated by 
U.S. Patent 5,549,880 to Koksbang 

C. The rejection of claims 1-3, 10, 22, and 24-29 under 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent 5,556,738 to Takamxiki et al. 

ARGUMENT 

The following argument is organized around the following grouping of claims, which is 
summarized for the convenience of the Board. 

1. Claims 1,17, 22, 24 and 26 are within a first claim group directed to a collection of metal 
vanadium oxide particles or batteries formed with metal vanadium oxide particles with the 
particles having a specified average particles size. 

2. Claim 2 is in a second claim group directed to a collection of metal vanadium oxide 
particles with an average diameter from about 5 nm to about 100 nm. 
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3. Claim 3 is in a third claim group directed to a collection of metal vanadium oxide 
particles with an average diameter from about 5 nm to about 50 xmi, 

4. Claims 10 and 25 are within a fourth claim group directed to a method for producing 
metal vanadium oxide particles using vanadium oxide particles with a specified average particle 
size range. 

5. Claims 27-29 are within a fifth claim group directed to crystalline metal vanadium oxide. 

LEGAL AUTHORITY 

The Court of Appeals for the Federal Circuit has exclusive appellate jurisdiction for cases 
arising under the patent law under 28 U.S.C. § 1295 (a)(1). The Federal Circuit has adopted as 
binding precedent all holdings of its predecessor coxuts, the U.S. Court of Claims and the U.S. Court 
of Customs and Patent Appeals. South Corp. v. U.S. . 215 USPQ 657 (Fed. Cir. 1982). Therefore, 
unless they have been overruled en banc, CCPA cases are binding precedent for the present appeal. 

A. ANTICIPATION 

1 . A Single Reference Must Disclose Every Element Set Forth In a Claim To Anticipate 
The Claim 

"For a prior art reference to anticipate in terms of 35 U.S.C. § 102, every element of the 
claimed invention must be identically shown in a single reference. These elements must be 
arranged as in the claim under review, but this is not an 'ipsissimis verbis' test." In re Bond . 
15 USPQ2d 1566, 1567 (Fed. Cir, 1 990)(Intemal citations omitted and emphasis added.). 

"If the prior art reference does not expressly set forth a particular element of the claim, 
that reference still may anticipate if that element is 'inherent' in its disclosxire. To estabhsh 
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inherency, the intrinsic evidence 'must make it clear that the missing descriptive matter is 
necessarily present in the thing described in the reference, and that it would be so recognized by 
persons of ordinary skill. Inherency, however, may not be established by probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
not sufficient.'" In re Robertson , 49 USPQ2d 1949, 1950, 1951 (Fed. Cir. 1999), citing 
Continental Can Co. v. Monsanto Co. , 20 USPQ2d 1746, 1749 (Fed. Cir. 1991). 

"Every element of the claimed invention must be literally present, arranged as in the 
claim. The identical invention must be shown in as complete detail as is contained in the 
patent claim." Richardson v. U.S. Suzuki Motor Corp. . 9 USPQ2d 1913, 1920 (Fed. Cir. 
1989)(Intemal citations omitted, and emphasis added.). "Here, as well, anticipation is not shown 
by a prior art disclosure which is only 'substantially the same' as the claimed invention." 
Jamesburv Corp. v. Litton Industrial Products. Inc. . 225 USPQ 253, 256 (Fed. Cir. 
1985)(emphasis added). 

2. Ranges 

Claims covering a range of composition narrower than a broader range covered in the prior 
art are not anticipated, although they may be obvious over the prior art. In re Malagari . 182 USPQ 
549, 553 (CCPA 1974). Such claims are analogoxis to the claim of a species or subgenus within a 
genus, which may be patentable and generally are not obvious. "Anticipation requires a showing 
that each limitation of a claim is found in a single reference, either expressly or inherently. It is 
well estabhshed that the disclosure of a genus in the prior art is not necessarily a disclosure of 
every species that is a member of that genus. There may be many species encompassed within a 
genus that are not disclosed by a mere disclosure of the genus. On the other hand, a very small 
genus can be a disclosure of each species within the genus." Atofina v. Great Lakes Chem. 
Corp . 441 F.3d 991, 999, 78 USPQ2d 1417, 1423 (Fed. Cir. 2006). 
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A prima facie case of obviousness exists if the claimed ranges "overlap or lie inside 
ranges disclosed by prior art." In re Wertheim , 541 F.2d 257, 191 USPQ 90 (CCPA 1976); In re 
Woodruff . 919 F.2d 1575, 16 USPQ2d 1934 (Fed. Cir. 1990); In re Geisler . 116 F.3d 1465, 
1469-71, 43 USPQ2d 1362, 1365-66 (Fed. Cir. 1997). If the claimed ranges do not overlap with 
the prior art ranges, a prima facie case of obviousness exists if they are so close that one skilled 
in the art would have expected them to have the same properties. "[A] prior art reference that 
discloses a range encompassing a somewhat narrower claimed range is sufficient to estabUsh a 
prima facie case of obviousness." In re Peterson , 315 F.3d 1325, 1330, 65 USPQ2d 1379, 1382- 
83 (Fed. Cir. 2003). See also In re Harris . 409 F.3d 1339, 74 USPQ2d 1951 (Fed. Cir. 2005). 
Based on a fact intensive inquiry, a range may be disclosed in multiple prior art references 
instead of a single prior art reference. Iron Grip Barbell Co., Inc. v. USA Sports, Inc. , 392 F.3d 
1317, 1322, 73 USPQ2d 1225, 1228 (Fed. Cir. 2004). 

B. OBVIOUSNESS 

1. The Examiner Bears The Burden Of Demonstrating Obviousness. 

The Apphcants note that the patent ofl&ce has the burden of persuasion in showing that the 
AppUcants are not entitled to a patent. "[T]he conclusion of obviousness yel non is based on the 
preponderance of evidence and argument in the record." In re Oetiker , 24 USPQ2d 1443, 1445 
(Fed. Cir. 1992). The patent office has the ultimate burden of persuasion in establishing that an 
applicant is not entitled to a patent. Id. at 1447, concurring opinion of Judge Plager. "The only 
determinative issue is whether the record as a whole supports the legal conclusion that the 
invention would have been obvious." Id 

"In rejecting claims under 35 U.S.C. §103, the examiner bears the initial burden of 
presenting a prima facie case of obviousness." In re Rijckaert , 28 USPQ2d 1955, 1956 (Fed. Cir. 
1993). If the Examiner fails to establish a prima facie case of obviousness, the obviousness 
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rejection must be withdrawn as a matter of law. In re Qchiai , 37 USPQ at 1131 ("When the 
references cited by the examiner fail to establish a prima facie case of obviousness, the rejection is 
improper and will be overturned"). "If examination at the initial stage does not produce prima facie 
case of unpatentability, then without more the apphcant is entitled to grant of the patent." In re 
Oeitiker , 24 USPQ2d 1443, 1444 (Fed Cir. 1992). 

"Only if that bxirden is met, does the burden of coming forward with evidence or argxmient 
shift to the applicant." In re Rijckaert . 28 USPQ2d at 1956. "After evidence or argimient is 
submitted by the apphcant in response to an obviousness rejection, ^patentability is determined on 
the totality of the record, by a preponderance of the evidence with due consideration to 
persuasiveness of the argument."* In re Chu , 36 USPQ2d 1089, 1094 (Fed. Cir. 1995)(quoting In re 
Oetiker , 24 USPQ2d 1443, 1444 (Fed. Cir. 1992)). 

2. The References Must Teach Or Suggest AIL Of The Claim Elements 
Prima facie obviousness is not established if all the elements of the rejected claim are not 
disclosed or suggested in the cited art. In re Ochiai , 37 USPQ 1 127, 1 131 (Fed Cir. 1995). ("The 
test for obviousness vel non is statutory. It requires that one compare the claim's 'subject matter as a 
whole' with the prior art 'to which said subject matter pertains.'") To establish obviousness of a 
claimed invention, all of the claim limitations must be taught or suggested by the prior art." CFMT, 
Inc. V. Yieldup Intern. Corp. , 349 R3d 1333 (Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981 
(CCPA 1974). 

To establish prima facie obviousness, all the elements of the claim must be taught or 
suggested by the cited references without the benefit of hindsight based on the apphcant's own 
disclosure. "To imbue one of ordinary skill in the art with knowledge of the invention in suit, when 
no prior art reference or references of record convey or suggest that knowledge, is to fall victim to 
the insidious effect of a hindsight syndrome wherein that which only the inventor taught is used 
against its teacher." W. L. Gore & Assocs., Inc. v. Garlock, Inc. , 220 USPQ 303, 312-13 (Fed. Cir. 
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1983). "Skill in the art does not act as a bridge over gaps in the substantive presentation of an 
obviousness case, but instead supplies the primary guarantee of objectivity in the process." All-Site 
Corp. V. VSI International Inc. . 50 USPQ2d 1161, 1171 (Fed. Cir. 1999). 

The Supreme Court has recently clarified that this examination of the teachings of the 
prior art should not be performed rigidly. It held that "The combination of familiar elements 
according to known methods is likely to be obvious when it does no more than yield predictable 
results." KSR Intern. Co. v. Teleflex Inc. . 127 S.Ct. 1727, 1739 (2007). Specifically, "a court 
must ask whether the improvement is more than the predictable use of prior art elements 
according to their established functions." Id. at 1731. "Often, it will be necessary for a court to 
look to interrelated teachings of multiple patents; the effects of demands known to the design 
community or present in the marketplace; and the background knowledge possessed by a person 
of ordinary skill in the art, all in order to determine whether there was an apparent reason to 
combine the known elements in the fashion claimed by the patent at issue." Id. at 1740. The 
Court noted that "it can be important to identify a reason that would have prompted a person of 
ordinary skill in the relevant field to combine the elements in the way the claimed new invention 
does." Id. at 1731. This is so because "inventions [in most, if not all, instances] rely upon 
building blocks long since uncovered, and claimed discoveries almost of necessity will be 
combinations of what, in some sense, is already known." Id. "Under the correct analysis, any 
need or problem known in the field of endeavor at the time of invention and addressed by the 
patent can provide a reason for combining the elements in the maimer claimed." Id^ at 1732. See 
also In re Icon Health and Fitness, Inc., 83 U.S.P.Q.2d 1746, 2007 WL 2189161. 

3. The Claimed Recited Properties Of The Claimed Compositions Of Matter Are Claim 
Elements 

It is long estabUshed that a composition of matter is indistinguishable from its properties. In 
re Papesch . 137 USPQ 43, 51 (CCPA 1963); In re Cescon . 177 USPQ 264, 266 (CCPA 1973). 
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There are two types of properties, chemical/compositional properties and physical properties. The 
chemical/compositional properties of the composition of matter determine what the material is, 
while the physical properties relate to the interaction and behavior of the composition of matter. 
Often unique or imexpected physical properties are used to establish the existence of an imobvious 
composition when chemical/compositional properties either are unknown or do not fully represent 
the imobviousness of the composition. However, discovery of a surprising or unexpected physical 
property does not necessarily control an obviousness determination, and all the evidence under the 
Graham factors must be considered. See, for example, Richardson-Vicks v. Upjohn Co. , 44 
USPQ2d 1181, 1187 (Fed. Cir. 1997). In the present case, the claims do not relate to the 
discovery of properties of previously known or suggested materials. 

Obviousness xmder 35 U.S.C. §103 must be evaluated by viewing the invention as a whole. 
In re Langer . 175 USPQ 169, 171 (CCPA 1972). *'In effect, we consider the prior art 'as a whole' 
with the claimed subject matter 'as a whole.'" Id. This rule superseded other principles, and 
specifically, "homology should not be automatically equated with prima facie obviousness." Id. 
(emphasis added). "To give meaning to the language of 35 U.S.C. 103 which speaks to the subject 
matter 'as a whole,' we feel weight must be given the properties of a compound or composition 
of matter." InreMurch , 175 USPQ 89, 92 (CCPA 1972)(emphasis added). 

The present claims are directed to compositions of matter or method for manipulating 
compositions of matter. Certain claimed aspects of the present invention are 
chemical/compositional properties that make the material a different composition of matter. In 
particular, Applicants' claimed compositions have several compositional features of particular 
relevance. First, the composition of matter comprises particles with specified properties. 
Specifically, the particles have a specified range of average particle sizes. Average particle size is a 
chemical/compositional property similar to chemical formula or molecular weight of a polymer. 
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Collections of particles with one average particle size are a different composition of matter and will 
have different physical properties from collections of particles with other average particle sizes. 

Similarly, the distribution of particle sizes is another independent chemical/composition 
property of solid particles that is distinct from the average particle size. A particle collection with a 
particular particle size distribution is a different composition of matter and will have different 
physical properties from other collections of particles with different particle size distributions. 
AppUcants have developed an approach using Hght/radiation-based pyrolysis to produce the highly 
uniform powders/particles, which is the subject of some of the present claims. These highly 
uniform particles can be further reacted to form other product particles with desirable properties. A 
particle collection with a narrow particle size distribution is more uniform. 

4. To Support A Finding Of Obviousness Based On Cited Art, The Cited Art Must Provide 
A Means Of Obtaining The Claimed Composition Or Apparatus 

The proposition is well established that the cited art only renders a composition of matter or 
apparatus unpatentable to the extent that the cited art enables the disputed claims, in other words, if 
the cited art provides a means of obtaining the claimed composition or apparatus. 

To the extent that anyone may draw an inference from the Von Bramer case 
that the mere printed conception or the mere printed contemplation which 
constitutes the designation of a 'compound' is sufficient to show that such a 
compound is old, regardless of whether the compound is involved in a 35 
U.S.C. 102 or 35 U.S.C. 103 rejection, we totally disagree. ... We think, 
rather, that the true test of any prior art reUed upon to show or suggest that a 
chemical compoimd is old, is whether the prior art is such as to place the 
disclosed 'compound' in the possession of the pubUc. In re Brown , 141 
USPQ 245, 248-49 (CCPA 1 964)(emphasis in original)(citations omitted). 

Similarly, see In re Hoeksema . 158 USPQ 596, 600 (CCPA 1968)(emphasis in original): 

We are certain, however, that the invention as a whole is the 
claimed compoimd and a way to produce it, wherefore appellant's 
argument has substance. There has been no showing by the Patent Office 
in this record that the claimed compound can exist because there is no 
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showing of a known or obvious way to manufacture it; hence, it seems to 
us that the 'invention as a whole,' which section 103 demands that we 
consider, is not obvious from the prior art of record. 

While there are valid reasons based on public policy as to why this 
defect in the prior art precludes a finding of obviousness under section 103, 
In re Brown, supra, its immediate significance in the present inquiry is that it 
poses yet another difference between the claimed invention and the prior art 
which must be considered in the context of section 103. So considered, we 
think the differences between appellant's invention as a whole and the prior 
art are such that the claimed invention would not be obvious within the 
contemplation of 35 U.S.C. 103. 

The Federal Circuit has fiuther emphasized these issues. "But to be prior art under section 
102(b), a reference must be enabUng. That is, it must put the claimed invention in the hands of one 
skilled in the art." In re Sun . 31 USPQ2d 1451, 1453 (Fed. Cir. 1993)(unpubUshed). Assertions in 
a prior art reference do not support an anticipation or obviousness rejection unless the references 
place the claimed invention in the hands of the public. Beckman Instruments Inc. v. LKB Produkter 
AB, 13 USPQ2d 1301, 1304 (Fed. Cir. 1989). "In order to render a claimed apparatus or method 
obvious, the prior art must enable one skilled in the art to make and use the apparatus or method." 
Id- While a properly citable reference is prior art for all that it teaches, references along with the 
knowledge of a person of ordinary skill in the art must be enabling to place the invention in the 
hands of the pubUc. In re Paulsen . 31 USPQ2d 1671, 1675 (Fed. Cir. 1994). See also In re 
Donohue . 226 USPQ 619, 621 (Fed Cir. 1985). 

5. Obviousness Over A Single Prior Art Reference 

The importance of the principle that the prior art itself must suggest the motivation to 
modify the teachings of a reference was eloquently stated in In re Rouffet . 47 USPQ2d 1453, 1458 
(Fed. Cir. 1998)(emphasis added): 

The Board did not, however, explain what specific understanding or technical 
principle within the knowledge of one of ordinary skill in the art would have 
suggested the combination. Instead the board merely invoked the high level of 
skill in the field of the art If such a rote invocation could suffice to supply a 
motivation to combine, the more sophisticated scientific fields would rarely, if 
ever, experience a patentable technical advance* Instead, in complex scientific 
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fields, the Board could routinely identify the prior art elements in an application, 
invoke the lofty level of skill, and rest its case for rejection. To counter this 
potential weakness in the obviousness construct, the suggestion to combine 
requirement stands as a critical safeguard against hindsight analysis and rote 
application of the legal test for obviousness. 

Similar principles must be applied when obviousness is based on the teachings of a single 

cited reference. 



ha appropriate circumstances, a single prior art reference can render a claim 
obvious. However, there must be a showing of a suggestion or motivation to 
modify the teachings of that reference to the claimed invention in order to support 
the obviousness conclusion. This suggestion or motivation may be derived from 
the prior art reference itself, from the knowledge of one of ordinary skill in the 
art, or from the nature of the problem to be solved. Determining whether there 
is a suggestion or motivation to modify a prior art reference is one aspect of 
determining the scope and content of the prior art, a fact question subsidiary 
to the ultimate conclusion of obviousness* 

Sibia Neurosciences. Inc. v. Cadus Pharmaceutical Corp. . 55 USPQ2d 1927, 1931 (Fed. Circuit 

2000)(intemal citations omitted, emphasis added). 



ANALYSIS 

A. REJECTIONS OVER KOKSBANG 214 - First Ground of Rejection 

The Examiner rejected claims 1 and 17 under 35 U.S.C. § 102(b) as being anticipated by 
U.S. Patent 5,512,214 to Koksbang (the Koksbang '214 patent). AppUcants respectfully request 
reconsideration of the rejection based on the following analysis. The Koksbang *214 patent does not 
prima facie anticipate Apphcants' claimed invention. 

Claim 1 recites: "A collection of particles comprising metal vanadium oxide, the particles 
having an average diameter less than about 1 micron." The Examiner asserted that the Koksbang 
'214 patent "discloses a battery comprising metal vanadium oxide particles (abstract) of 'submicron' 
size (see column 6, lines 7-8)." The Koksbang '214 patent, howev^, does not disclose "particles 
comprising metal vanadium oxide, the particles having an average diameter less than about 1 
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micron." Col 6, lines 7 and 8 of the Koksbang '214 patent as cited by the Examiner has been taken 
out of context. The disclosure relates to vanadium oxide halogens NOT metal vanadium oxide. 
See col. 5, line 58-col. 6, line 8. Halogens are not metals . Thus, these materials are simply not 
relevant with respect to Appellant's claims. 

Furthermore, the disclosure refers to what the individual size of the particles might be and 
NOT to the average diameter of the particles. The vague disclosure that "[s]uch particles are of 
micron or submicron size" does not mean the average diameter of the particles will be less than 
about 1 micron. The average of these particles that are of micron or submicron size will not 
necessarily be less than about 1 micron. 

Additionally, the Koksbang '214 patent is directed to forming vanadium oxide particles 
having an average size less than 100 microns, desu*ably less than 50 microns, and preferably, less 
than 10 microns. See, for example, col. 4, line 67-coL 5, line 4. The Koksbang '214 patent does 
not disclose an average particle size of less than about 1 micron, as disclosed and claimed by 
Applicants. It is well established that a broader range is clearly not anticipated by a narrower range. 
Additionally, this disclosure of average size of vanadium oxide particles does not relate to metal 
vanadium oxide particles but relates to commingling of carbon and vanadium oxide particles. 
Although the abstract and an embodiment of the invention does mention Uthium vanadium oxide, it 
also vaguely discloses that "particle size of the Uthium vanadium oxide is on the order of that 
described earUer in connection with V2O5 and VsOn." See, for example, col. 5, lines 29-31. It 
appears that the hthium vanadium oxide particles formed also have approximately an average size 
less than 100 microns, desirably less than 50 microns, and preferably, less than 10 microns. As 
discussed above, this does not amount to disclosing an average particle size of less than about 1 
micron. 

In summary, the only submicron particles referenced in Koksbang *214 do not refer either to 
average particle size or even to the materials in Appellant's claims. The vanadium oxide particles. 
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which also are not metal vanadium oxide particles, are not described with respect to the average 
particle size of Appellant's claims. Therefore, the Koksbang 714 patent simply does not anticipate 
Applicants* claimed invention. The Examiner has failed to establish a case of prima facie 
anticipation. Also, the Examiner has failed to assert any case for obviousness. 

In order to render a claimed process obvious, the cited references must place the claimed 
process in the hands of the public. The Koksbang 714 patent does not disclose how to form 
vanadium oxide particles with an average particle size less than a micron. The range disclosed in 
the Koksbang 714 patent is a factor of ten greater than AppUcants* claimed average particle size. 
The Examiner has not indicated how such a reduction in particle size can be performed. While the 
Koksbang 714 patent disclosed the desirabiUty of having smaller average particle sizes, the 
Koksbang 714 patent does not indicate that particles with an average particle size less than a micron 
are achievable. This gap with respect to smaller vanadium oxide particles in the disclosure of the 
Koksbang 714 patent strongly suggests that Koksbang 714 patent does not enable a person of 
ordinary skill in the art to form submicron vanadium oxide particles. 

Li summary, the Koksbang 714 patent simply does not prima facie anticipate AppUcants* 
claimed invention. The Examiner has not indicated any basis for establishing prima facie 
obviousness. Applicants do not have the burden to establish patentability, although Applicants' do 
not see any issues within the references of record that call patentability into question. 

Since a prima case for anticipation or obviousness has not been established by the Examiner, 
Apphcants respectfully request withdrawal of the rejection of claim 10 under 35 U.S.C. § 102(b) as 
being anticipated by the. Koksbang 714 patent. 



18 Application No. 09/969,025 

B. REJECTION OVER KOKSBANG '880 - Second Ground of Rejection 

The Examiner rejected claims 1, 2, 17, 24, and 26 xmdcr 35 U.S.C. § 102(b) as being 
anticipated by U.S. Patent 5,549,880 to Koksbang (the Koksbang '880 patent). Apphcants 
respectfully request reconsideration of the rejection based on the following analysis. The Examiner 
has failed to estabhsh a prima facie case of anticipation. These issues are analyzed in detail in 
the following. 

In a related application 09/606,884, now U.S. Patent 7,214,446, that Examiner applied 
the same Koksbang '880 patent against claims 47-52, which also involve average diameter of 
vanadium oxide particles. The assignee of the present appUcation to Appellant appealed the 
Examiner's rejection of claims 47-52, and a decision was rendered in favor of Applicants, 
resulting in an allowance of the application. Appellant refers to the attached Opinion by the 
Board of Patent Appeals and Interferences with Appeal No. 2006-97 12. 

Group 1 Claims 

The Patent Office has the burden to establish prima facie unpatentability. The rejection 
formally presented by the Examiner is based on anticipation, although for completeness. Appellant 
also addresses obviousness. 

The Koksbang '880 patent does not prima facie anticipate Apphcants' claimed invention. 
Specifically, pending claim 1 specifies that the average particle size for the claimed collection of 
metal vanadium oxide particles is less than a micron. It is further emphasized that in Appeal No. 
2006-0712, the Board stated: "As correctly argued by appellants (Brief, pages 8-10; Reply Brief, 
pages 2 and 3), Koksbang does not disclose or suggest that the range of particle sizes taught is an 
average size or diameter as required by claim 47 on appeal and the examiner has not 
convincingly established that the disclosure of Koksbang should be interpreted or construed as 
an 'average' size or diameter (Answer, page 4)." See page 3. "Furthermore, Koksbang 
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specifically teaches the criticality of the 'particle size' of the product, disclosing a range of 
particle sizes but never disclosing or suggesting an average of particle sizes or diameters (col. 2, 
lines 59-61; col. 5, lines 1-6; and col. 6, lines 56-60). We note that the examiner has not 
submitted any substantive evidence that the term 'particle size' was known in this art to mean an 
average particle size." See pages 3 and 4. 

The Koksbang *880 patent does not disclose metal vanadium oxide particles with an average 
particle size less than a micron either explicitly or inherently. The Koksbang '880 patent describes 
a Uthium vanadium oxide, which is a species of metal vanadium oxides, "in the form of a fine 
powder having a surprisingly small particle size on the order of 0.1 to 5 microns, and typically less 
than 10 microns." Column 2, lines 59-61. The Koksbang patent does not identically disclose the 
composition of AppUcants' invention since the Koksbang patent does not expressly recite that 
the particle size range disclosed is a range of average particle sizes. 

Furthermore, it is clear in context that this description of particle sizes is not a description of 
average particle sizes. In particular, the inclusion of the description of "typically less than 10 
microns" is inconsistent with 0. 1 to 5 microns being a range of averages. If 0. 1 to 5 microns relates 
to a particular distribution of particle sizes, there is some cut off in the distribution that is used to 
assign the end points presented. This can be picked, for example, at one standard deviation. 
Thus, there would be some particles with sizes larger than 5 microns and smaller than 0.1 
microns. To then indicate that the particle sizes are typically less than 10 microns would imply 
that a more stringent criterion is being used to indicate "typically," for example, 90 percent or 95 
percent of the particles. This interpretation is perfectly consistent ahhough not explained in the 
Koksbang patent. So if the "0. 1 to 5 microns" is a distribution, the expression "typically less 
than 10 microns" is not inconsistent. However, if "0.1 to 5 microns" refers to average particle 
sizes, the expression "typically less than 10 microns" is inconsistent since a description clearly 
relating to the distribution would then be contrasted with averages without explanation. 
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Since there is no explicit explanation otherwise, the consistent reading of the language in the 
Koksbang '880 patent is that all values relate to the distribution of particle sizes. 

In addition, the Koksbang '880 patent has a single example directed to the production of 
lithium vanadium oxide. A single set of reaction conditions are described for the production of 
the lithium vanadium oxide from column 4, line 49 to 67. "The product was found to have a 
surprisingly small particle size on the order of 0.1 to 5 microns, and typically less than 10 
microns." Column 5, lines 4-6. A powder product has a single average particle size and a 
single particle size distribution relating to the characteristics of the particles within the powder. 
Since the quoted language was used to describe a single product, it must be referring to a single 
distribution of particle sizes that would have a corresponding single average particle size, not a 
range of average particle sizes. Based on a single example with one set of reaction conditions, 
the only consistent interpretation of the language in the Koksbang '880 patent is that 0.1 to 5 
microns refers to a single distribution with an average particle size of roughly 2.5 microns. Since 
the single set of particle properties disclosed in the Koksbang '880 patent have an average 
particle size significantly greater than the claimed particle size, the Koksbang '880 patent does 
not expUcitly disclose a collection of metal vanadium oxide particles with an average particle 
size less than one micron. 

Similarly, the Koksbang '880 patent does not inherently disclose metal vanadium oxide 
particles with an average particle size less than one micron. Specifically, the Koksbang patent 
explicitly discloses the particle size of the metal vanadium oxide particles. There are no particle 
collections in the Koksbang '880 patent with inherent size properties that are not described, so 
there cannot be inherent disclosure relating to average particle sizes. Since the Koksbang '880 
patent does not expUcitly or inherently disclose metal vanadium oxide particles with an average 
particle size less than a micron, the Koksbang '880 patent does not anticipate Applicants' claimed 
invention. 
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With respect to obviousness, the Examiner has clearly not stated a prima facie case for 
obviousness. It is simply not the Applicants' burden to establish patentability. With respect to 
the Examiner's assertions regarding the possible formation of Applicants' claimed particle from 
the particles formed by the process of the Koksbang '880 patent, this can only be relevant to an 
obviousness analysis. However, the Koksbang '880 patent does not teach or suggest any 
separation techniques. Under well established legal principles, the modification of the teachings 
of a reference can only be based upon the teachings of another reference or what is well known 
to a person of ordinary skill in the art. The Examiner has not asserted that appropriate teaching 
is well known in the art or provided a reference that describes appropriate knowledge being well 
known in the art. If it was well known to a person of ordinary skill in the art how to form the 
claimed particle collections from the particle collections described in the Koksbang '880 patent, 
it should be possible for the Examiner to provide such a reference. Similarly, the Examiner has 
not asserted or implied in the phone conferences that he has personal knowledge that appropriate 
approaches are known in the art for performing the requires submicron particle separation. 

Cited references must teach all of the claim elements. Specifically, the cited art must 
place the invention in the hands of the public to support an obviousness or anticipation rejection. 
The Koksbang '880 patent simply does not put the invention in the hands of the public. 
Certainly, with respect to AppUcants' claimed invention, the Examiner has fallen far short of 
meeting his burden of estabUshing prima facie anticipation or obviousness. 

If a person of ordinary skill in the art could practice the claimed invention without undue 
experimentation based on the disclosure in the Koksbang '880 patent, the Examiner should easily 
be able to support that assertion with some kind of evidence. The Examiner has presented no 
evidence to support an obviousness rejection over the Koksbang '880 patent. 

Since the Examiner has fallen short of establishing prima facie unpatentability of 
Applicants' claimed invention, the rejection should be withdrawn. 
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Group 2 Claim 

The claims of group 2 relate to collections of metal vanadium oxide particles with an 
average particle size from 5 nm (0.005 microns) to 100 nm (0.1 microns). As indicated above, 
the Koksbang '880 patent does not disclose metal vanadium oxide particles with an average 
particle size of less than about 1 micron, let alone average particle size from 0.005 microns to 0.1 
microns. Therefore, the Examiner has failed to establish prima facie anticipation of this claim. 

C. REJECTION OVER TAKAMUKI '738 - Third grounds of rejection 

The Examiner rejected claims 1-3, 10, 22, and 24-29 imder 35 U.S.C. § 103(a) as being 
unpatentable over U.S. Patent 5,556,738 to Takamuki et al. (the Takamuki 738 patent). 
AppUcants respectfiiUy request reconsideration of the rejection based on the following analysis. 
The Examiner has failed to estabUsh a prima facie case of obviousness. The same deficiencies 
present in the Koksbang '214 patent and the Koksbang '880 patent regarding metal vanadium 
oxide particles having an average diameter less than about 1 micron are also present in the 
Takamuki '738 patent. 

Also, Examiner rejected dependent claims 22 and 24-29 using the Takamuki '738 patent 
without rejecting the corresponding independent claim 17 using the Takamuki '738 patent. 
Applicants respectfully request clarification of the status of claims 17, 22, and 24-29 with respect 
to the Takamuki '738 patent. AppUcants will address claims 17, 22, and 24-29 under the 
Takamuki '738 patent. 

Group 1 Claims 

Group 1 claims are directed to "...particles comprising metal vanadium oxide , the 
particles having an average diameter less than about 1 micron." In the Office Action dated July 
16, 2007, Examiner states that "Takamuki '738 discloses fine particles comprising mixed metal 
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oxide having a particle size (see column 5, lines 21-23) and specifically vanadium pentoxide (see 
column 5, lines 51 and 52)." Examiner appears to ignore that particles comprising metal 
vanadium oxide must not only contain vanadium atom(s) but also metal non-vanadium 
atom($) in the oxide composition as disclosed in the specification. In other words, particles 
comprising metal vanadium oxide have a composition of MxVyOz, v^here M refers to a non- 
vanadium metal atom and where x, y, and z describe the stoichiometry. Vandium pentoxide 
(V2O5) is NOT a metal vanadium oxide because it is missing the non- vanadium metal atom. A 
metal vanadium oxide composition does not refer either to physical blends of different particles 
or to coatings on particles. The claimed invention refers to a particular composition of matter 
that is formed into particles with the claimed average particle size. Applicants do not acquiesce 
that Takamuki teaches an oxide at all since in some contexts metal oxide "sols" refers to 
hydrated or hydroxide forms of the materials. Since Takamuki clearly does not teach a metal 
vanadium oxide, this issue is moot. 

Examiner also states that 'Takamuki fails to specifically disclose an average diameter of 
less than about 1 micron." Examiner stated that it's obvious by citing to Takamuki's disclosure 
of "mixed metal oxide having a particle size of 1-300 (see column 5, lines 21-23) and 
specifically 30 nm for vanadium pentaoxide (see column 5, lines 51 and 52), and a gelatin shell 
of 1-500 nm which is previously cross-linked to increase miscibility (see column 5, Unes 58-60, 
65, 66)." These citations of Takamuki fail to disclose metal vanadium oxide particles with an 
average diameter of less than about 1 micron. Column 5, lines 21-23 is not directed to metal 
vanadium oxide particles. Column 5, lines 51 and 52 is also not directed to metal vanadium 
oxide particles. Column 5, lines 58-60 is not directed to either metal vanadium oxide particles or 
particle size but the thickness of a gelatin shell. Not only do these citations fail to disclose the 
claimed invention, Examiner failed to provide a reason for modifying these citations to the 
claimed invention of metal vanadium oxide particles with an average diameter of less than about 
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1 micron (e.g. Examiner failed to provide a secondary reference that makes up for the 
deficiencies of Takamuki). Thus, the Examiner has failed to establish prima facie obviousness of 
the Group 1 claims. 

Group 3 Claim 

The claim of group 3 relate to collections of metal vanadium oxide particles with an 
average particle size from 5 nm (0.005 microns) to 50 nm (0.05 microns). As indicated above, 
the Takamuki '738 patent does not disclose metal vanadium oxide particles with an average 
particle size of less than about 1 micron, let alone average particle size from 0.005 microns to 
0.05 microns. Thus, the Examiner has failed to estabUsh prima facie obviousness of the Group 3 
claim. 

Group 4 Claims 

Group 4 claims is directed to "[a] method of producing particles of metal vanadium oxide 
comprising heating a mixture of vanadium oxide particles with a non-vanadium metal 
compoxmd, the vanadium oxide particles having an average diameter less than about 1 micron." 
In the Office Action dated July 16, 2007, Examiner basically repeated his rejection for claim 1 
only to add that 'Vherein the particles are mixed at a temperature of 30-80 degrees Celsius." 
Examiner completely ignores the step of heating vanadium oxide particles with a non- vanadium 
metal. Col. 5, lines 5 1 and 52 as cited by the Examiner discloses vanadium pentaoxide, which is 
an example of inorganic fine particles used in Takamuki's invention. Takamuki also discloses 
mixing a gelatin aqueous solution and an aqueous dispersion of inorganic fme particles, 
gradually adding a cross-linking agent, and stirring at a temperature of 30-80 degrees Celsius. 
Col. 6, lines 12-18. Takamuki discloses heating a vanadium oxide with a gelatin or cross-Unking 
agent NOT a non-vanadium metal compound . Also, as indicated above, Examiner states that 
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the limitation of average diameter of less than about 1 micron is obvious without providing any 
teaching, motivation, or suggestion. Thus, the Examiner failed to establish prima facie 
obviousness of group 4 claims. 

Group 5 Claims 

Claims are directed to crystalline metal vanadium oxide. Examiner states that it's 
obvious because "Takamuki disclose both tabular and crystal grains (column 3, lines 19-22)." 
The crystal grains are directed to silver haUdes regarding the growth of silver halides and 
achieving high sensitivity. Takamuki does not disclose crystalline metal vanadium oxide . As 
indicated above, Takamuki fails to disclose particles comprising metal vanadium oxide. Also 
indicated above, Examiner states that the limitation of average diameter of less than about 1 
micron is obvious without providing any teaching, motivation, or suggestion. Thus, the 
Examiner failed to estabhsh prima facie obviousness of Group 5 claims. 

Summary 

The Examiner has failed to meet his burden of establishing prima facie unpatentability of 
Applicants' claimed invention based on the Koksbang '214 patent, the Koksbang '880 patent, and 
the Takamuki '738 patent. Applicants respectfully request withdrawal of the rejection of claims 
1-3, 10, 17-22, and 24-29. 



26 



Application No. 09/969,025 



CONCLUSIONS AND REQUEST FOR RELIEF 



Applicants submit that claims 1-3 and 6-29 are in condition for allowance. Thus, Applicants 
respectfully request the reversal of the rejections of claims 1-3, 10, 17-22, and 24-29 and the 
allowance of claims 1-3 and 6-29. 



Customer No. 62274 
Dardi & Associates, PLLC 
2000 U.S. Bank Plaza 
220 South 6th Street 
Minneapolis, Minnesota 55402 
Telephone: (404) 949-5730 



Respectfully submitted. 




Peter S. Dardi, Ph.D. 
Registration No. 39,650 



[ 

APPEALED CLAIMS APPENDIX 

1. A collection of particles comprising metal vanadium oxide, the particles 
having an average diameter less than about 1 micron. 

2. The collection of particles of claim 1 wherein the particles have an average 
diameter from about 5 nm to about 100 nm 

3. The collection of particles of claim 1 wherein the particles have an average 
diameter from about 5 nm to about 50 nm. 

4-5. (Cancelled) 

6. The collection of particles of claim 1 wherein less than about 1 particle in 
10*^ have a diameter greater than about four times the average diameter of the collection of 
particles. 

7. The collection of particles of claim 1 wherein less than about 1 particle in 
10^ have a diameter greater than about two times the average diameter of the collection of 
particles. 

8. The collection of particles of claim 1 wherein the collection of particles have 
a distribution of particle sizes such that at least about 95 percent of the particles have a 
diameter greater than about 40 percent of the average diameter and less than about 160 
percent of the average diameter. 
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9. The collection of particles of claim 1 wherein the collection of particles have 
a distribution of particle sizes such that at least about 95 percent of the particles have a 
diameter greater than about 60 percent of the average diameter and less than about 140 
percent of the average diameter. 

10. A method of producing particles of metal vanadimn oxide comprising 
heating a mixture of vanadium oxide particles with a non- vanadium metal compound, the 
vanadium oxide particles having an average diameter less than about 1 micron. 

11. The method of claim 10 wherein the vanadium oxide particles have an 
average diameter from about 5 nm to about 100 nm, 

12. The method of claim 10 wherein the non- vanadium metal compound 
comprises silver nitrate. 

13. The method of claim 10 wherein the vanadium oxide particles comprise 
crystalline V2O5. 

14. The method of claim 10 wherein the heating is performed at a maximum 
temperature from about 200'*C to about 330°C. 

15. The method of claim 10 wherein the heating is performed at a maxunum 
temperature from about 200°C to about 300°C. 

16. The method of claim 10 wherein the heating is performed for less than about 
20 hours. 
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17. A battery comprising a positive electrode having active particles comprising 
metal vanadium oxide within a binder, the active particles having an average diameter less 
than about 1 micron. 

18. The battery of claim 17 wherein the active particles have an average 
diameter from about 5 nm to about 100 run. 

19-21. (Cancelled) 

22. The battery of claim 17 wherein the positive electrode fiirther comprises 
supplementary, electrically conductive particles. 

23. The battery of claim 17 wherein less than about 1 active particle in 10*^ have 
a diameter greater than about four times the average diameter of the collection of active 
particles. 

24. The collection of particles of claim 1 wherein the particles have an average 
diameter less than about 500 nm. 

25. The method of claim 10 wherein the vanadium oxide particles havmg an 
average diameter less than about 500 nm. 

26. The battery of claim 1 7 wherein the active particles have an average 
diameter less than about 500 nm. 

27. The collection of particles of claim 1 wherein the metal vanadium oxide is 
crystalline. 
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28 . The method of claim 1 0 wherein the metal vanadium oxide is crystalline. 

29. The battery of claim 1 7 wherein the metal vanadium oxide is crystalline. 

4 



EVIDENCE APPENDIX 

A - U.S. Patent 5,549,880 to Koksbang was filed by the Applicaat in an Informat ion 
Disclosure Statement on April 30. 200 1 but received by the USPTO on May 4. 2001 and 
considered by the E xaminer on J une 27, 200 1 . This patent w as cit ed by the Exa miner in 
subsequent Office Actions beginni n g with the Office Actio n dated Jul y 7, 2001 . 
B - U.S. Patent 5,512,214 to Koksbang was first c ited b y the Examin er in an Office Acti on 
date d Au gust 8. 2002. 

C - U.S. Patent 5,556,738 to Takamuki was fir st cited by the Exami ne r m an Office 
Action dated February 7, 2007. 
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[57] ABSTRACT 

A method of making an electrode active material of the 
nominal general formula LiV^O^ where y is greater than 0 
and up to about 3 and z is greater than 0 and up to about 8, 
comprises a series of steps. In the first step, lilMum hydrox- 
ide is dispersed in an alcohol of the general formula 
Q^an+iOH. The alcohol and the hydroxide are each in an 
amount sufficient to provide a lithium alkoxide of the 
general formula LiOC„H2n+f Next, progressive amounts of 
an oxide of vanadium having the general formula V2O5 
(vanadium pentoxide) are added while stirring the mixture. 
The amount of vanadium pentoxide in the mixture is suflS- 
cient to provide about 3 moles of vanadium for each mole of 
lithium present in the alkoxide. Then, the mixture is heated 
to an elevated temperature for a time sufficient to change the 
color of the oxide of vanadium and provide a solid precipi- 
tate. The solid precipitate is separated from the mixture and 
dried to obtain a powder of an oxide of vanadium having the 
nominal general formula LiVyO^, 0<y^3 and 0<z^8. 

16 Claims, 1 Drawing Sheet 
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METHOD OF MAKING 

LITHIUM-VANADIUM-OXIDE ACTIVE 
MATERIAL 

FIELD OF THE INVENTION 

This invention relates to electrochemical batteries, and 
more particularly to improved positive electrode active 
material mainly composed of an oxide of vanadium. 

BACKGROUND OF THE INVENTION 

Lithium-based cells or batteries often comprise cathodes 
of u-ansition metal oxides which are used as intercalation 
compounds. The intercalation reaction involves the intersti- 15 
lial introducdon of a guest species, namely lithium, into the 
host lattice of the transition metal oxide, essentially without 
smicmral modification of the host lattice. Such an interca- 
lation reaction is essentially reversible because suitable 
transition states are achieved for both the forward and 20 
reverse of the intercalation reaction. 

The basic components of a lithium cell typically include 
a lithium anode, a separator, and a metal oxide intercalation 
cathode active material such as a vanadium oxide com- 
pound. The cathode is usually a mixture of such an oxide 25 
compound and other components such as graphite and an 
electrolyte/binder which provide ionic transport. During cell 
operation, incorporation of lithium in the metal oxide 
occurs. 

Current batteries contain high surface area active material 30 
such as vanadium oxide and lithium vanadium oxide pow- 
ders (i.e. V2O5, LiVjOj and LiVgOg). These oxide powders 
are obtained, for example, by milling of vanadium oxide 
material. Current methods for the manufacture of powders 
involve mechanical grinding of vanadium oxide material 35 
prepared, for example, by rapid quench of molten material 
or by precipitation from an aqueous solution, 

U.S. Pat. No. 5,013,620 describes solid stale synthesis of 
i-ii+jcVsOg obtained by high temperature melting (at least 
700° C.) of V2O3 with LijCOa, in suitable proportions. The 
melt, once cooled, gives rise to solid lumps of material 
which are then difficult to crush and mill in order to obtain 
the cathode material. In addition, there is reaction between 
tiie molten LiVjOg product and most containers which 
causes contamination of the product. 

Formation of an oxide of vanadium in an aqueous solution 
of lithiimi hydroxide produces a gel product which is 
difficult to filter and diy. The dried product is in the form of 
lumps which are difficult to grind. 

As can be seen, present processes produce vanadium 
oxide in the form of lumps. By standard milling techniques 
it is difficult to reduce the lumps to a size less than 100 
micrometers (microns) and extremely difficult to achieve 
closer to 10 microns. Smaller vanadium oxide particle sizes 55 
are desirable because the larger the surface area, the higher 
is the current drawn from a battery while the current density 
on the surface of the vanadium oxide active material remains 
low which allows high utilization of the active material. A 
typical coarse VjOj powder of 95% purity available from go 
Fisher Scientific Company, has a median particle size of 
about 110 microns and a surface area of about 5 meters^/ 
gram. Such a powder would need extensive milling. 

Therefore, what is needed is a new process of forming a 
vanadium oxide based active material which does not pro- 65 
duce lumps and which is readily adaptable to laige scale 
production. 
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SUMMARY OF THE INVENTION 

In accordance with the invention, a method of making an 
electrode active material of the nominal general formula 
Li VyOj where y is greater than 0 and up to about 3 and z is 
greater than 0 and up to about 8, comprises a series of steps. 
In the first step, lithium hydroxide is dispersed in an alcohol 
of the general formula CJi^n+fiU. The alcohol and the 
hydroxide are each in an amount sufficient to provide a 
lithium alkoxide of the general formula LiOC^H^n^i. Next, 
progressive amounts of an oxide of vanadium having the 
genera] formula VJOs (vanadium pentoxide) are added 
while stirring the mixture. The amount of vanadium pen- 
toxide in the mixture is sufficient to provide about 3 moles 
of vanadium for each mole of lithium present in the alkox- 
ide. Then, the mixture is heated to an elevated temperature 
for a time sufficient to change the color of die oxide of 
vanadium and provide a solid precipitate. The solid precipi- 
tate is separated from the mixture and dried to obtain a 
powder of an oxide of vanadium having the nominal general 
formula LiV^O^, Ocy ^3 and Ckz^S. It should be noted that 
the value of z may slightly exceed 8 and be on die order of 
8, 1 but it is less than 9; and the value of y may exceed 3 but 
it is less than 4. Accordingly, the nominal formula remains 
as above. 

It is preferred that the mixture contains a stoichiometric 
amount of the alkoxide and pentoxide. This corresponds to 
about 2 moles of the alkoxide for each 3 moles of vanadium 
pentoxide. The stoichiometric mixture is heated to elevated 
temperature in a range of about 70° to about 80° centigrade, 
for about one to about three hours. The progress of the 
reaction LiOCn^CU^^^+W^O^-^UWyO^ is monitored by 
observing a color change from yellow/red to brown/black. 

Finally, the precipitate is separated from the mixture and 
is dried at a temperature of about 110'' centigrade. A higher 
temperature, such as 150° C. may be used but it is not 
necessary. 

Alcohols which are suitable for forming the litiiium 
alkoxide include methanol, ethanol, propanol, butanol, iso- 
propanol. and higher alcohols. The higher alcohols are likely 
to react more slowly with the litiiium. Etfianol is preferred. 
When ethanol is used, the litiiium hydroxide and eUianol 
provide a litiiium alkoxide of the general formula 
LiOCHjCHg Githium oxylate or litiiium etiioxylatc) accord- 
ing to tiie reaction LiOH+CHaCHaOH-^LiOCHzCHj+HsO 
Vanadium pentoxide is added to die litiiium alkoxide in an 
amount to provide about 3 moles of vanadium for each mole 
of litiiium. Next, tiie mixture is heated to tiic elevated 
temperature for a time sufficient to react the vanadium 
pentoxide witii Uic LiOCHjCHj until a color change dem- 
onstrates the desired product (precipitate) has been formed. 
The color change is tiie same as described above. All other 
steps of the process are according to the general metiiod 
described earlier. In one embodiment, the ethanol is present 
in a solution of 96% ctiianol; about 0.5 mole of litiiium 
hydroxide is used for each 200 milliliters of 96% etiianol; 
and about 0.75 mole of vanadium pentoxide is used for each 
0.5 mole of lithium hydroxide. 

The LiVyO^ product of tiic invention is in the form of a 
fine powder having a surprisingly small particle size on the 
order of 0. 1 to 5 microns, and typically less than 1 0 microns. 

The cathode material of the invention was tested in a cell 
to determine the behavior of specific capacity at an increas- 
ing number of charge and discharge cycles. 

The rate capability and cycling capacity was markedly 
improved over lithium vanadium oxide prepared by conven- 
tional meihtxls. 
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It is an object of the invention to provide a new method 
for preparing a lithium vanadium oxide positive electrode 
active material for a lithium battery. Another object is to 
provide a lithium battery having good charge and discharge 
capacity. Another object is to provide an improved electro- 5 
chemical battery based on lithium which maintains its 
integrity over prolonged life cycle as compared to presently 
used batteries. Another object is to provide good conversion 
of the starting materials to the lithium vanadium oxide 
product. 10 

These and other objects, features and advantages will 
become apparent from the following description of the 
preferred embodiments, claims and accompanying draw- 
ings. 

15 

BRIEF DESCRIPTION OF TI-IE DRAWINGS 

FIG. I shows the behavior of the specific capacity at an 
increasing number of charge and discharge cycles. 

FIG. 2 is an illustration of a cross-section of a thin battery, 20 
or cell embodying the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 



. I. Preparation of Active Material 

In one embodiment a positive electrode material of the 
nominal general formula LiV^O^ is prepared by a series of 
steps beginning with forming a mixture of lithium hydroxide 30 
dispersed in an alcohol of the general formula CJ^an+i^H. 
This produces a lithium alkoxide of the general formula 
LiOC„H2„+i according to the following general reaction: 
LiOH+C„H2„^iOH->LiOC„H2„^,+H20. 

The above reaction may be conducted under room tern- 
perature conditions, at a temperature in a range of about 15° 
to about 95'' centigrade, and preferably 70** to 85° C. In 
accordance with the general formula shown above, one mole 
of the lithium hydroxide is reacted with one mole of an 
alcohol to form one mole of the lithium alkoxide product. ^ 
Alcohols which are suitable for forming the lithium alkoxide 
include methanol, ethanol, propanol, buianol, isopropanol, 
and high alcohols. The higher alcohols are likely to react 
more slowly with the lithium. Ethanol is preferred. In the 
case of ethanol, the reaction to form the lithium alkoxide 
(lithium oxalate or lithium ethoxylate) is according to: 
UOH+CH3CH20H->LiOCH2CH3+H20. 

The reaction proceeds rather quickly in about a few 
minutes. Once the lithium alkoxide is formed, to the mixture 
is added progressive amounts of an oxide of vanadium, 
having the general formula V^Oj (vanadium pentoxide). The 
vanadium pentoxide is added progressively while stirring 
the mixture so as to provide about three moles of vanadium 
in the final product for each mole of lithium. This corre- 
sponds to a stoichiometric molar ratio of lithium alkoxide to 
vanadium pentoxide of about 2 to 3. This mixture is heated 
to a temperature higher than room temperature and prefer- 
ably in a range of about 70 to about 80 degrees centigrade. 
Heating is conducted for at least about one half hour and 
preferably for about one to three hours. In order to react the 
lithium alkoxide with the vanadium pentoxide according to 
the following general formulas: 



UOC^j^i+VjOj-^LiVyOj+sidc products 
UOCHjCHa+V^Oj-JUV^Oj+side producis 



The progress of the reaction may be followed by observ- 
ing a change in color whereby the vanadium pentoxide is 
transformed to a lithium-vanadium oxide product and 
changes from a yellow-red to a brown-black. The reaction 
product is the brown to black solid precipitate which is 
separated and dried to obtain a fine powder of an oxide of the 
lithium- Vanadium oxide having the nominal general for- 
mula LiV Oj where y is greater than 0 and less than or equal 
to about 3 and z is greater than 0 and less than or equal to 
about 8. The drying may occur at a temperature in a range 
of about 20® to about 300* centigrade. It is preferred that the 
drying temperature be 110° centigrade. Higher temperatures 
are not strictly necessary but may be more efficient. 

Example 

The method of the invention was demonstrated by using 
lithium hydroxide, 96% ethanol, and vanadium pentoxide 
powder (V2O5). 

Vanadium pentoxide of the general formula V2O5 was 
obtained from Kerr McGee, Johnson Matthey or Alpha 
Products of Danvers, Mass. It had a melting point of 690** C, 
decomposed at 1750° C. and had a specific gravity of 3,357 
grams per cc at 18° C. It was a yellow to red crystalline 
25 powder. Vanadium pentoxide has a CAS number of 1314- 
62-1. 

Altemadvely, the vanadium pentoxide may be prepared 
from ammonium metavanadate (NH4VO3). The ammonium 
meiavanadate is heated to a lemperamre of about 400° C. to 
about 450° C. to decompose it to vanadium pentoxide 
(VjOg), usually in a crystalline form (in the presence of 
oxygen). The ammonium metavanadate is a solid crystalline 
material, usually a white to yellow powder. Processes for 
production of arrmionium metavanadate are known in the art 
and will not be repeated here. Such processes are described 
in U.S. Pal, Nos. 3,063,795 and 3.063,796; and processes for 
preparation of ammonium metavanadate and then for pro- 
duction of vanadium pentoxide therefrom are described in 
U.S. Pat Nos. 3,728,442, 4.061,711 and 4,119,707. each of 
which is incorporated by reference in its entirety 

Lithium hydroxide is a powder of essentially colorless 
crystals having a specific gravity of approximately 2.54 and 
a melting point of approximately 462° centigrade. In this 
example, approximately 12 grams of lithium hydroxide was 
dispersed in about 200 milliliters of 96% etiianol. The 12 
grams of lithium hydroxide corresponds to approximately 
0.5 mole. 

The lithium hydroxide was dissolved in the alcohol to 
provide the lithium alkoxide. Next, progressive amounts of 
vanadium pentoxide were added to the mixture containing 
the lithium alkoxide while keeping the whole mixture 
stirred. In this example, approximately 136.5 grams of 
vanadium pentoxide was used which corresponds to about 
0.75 mole. 

The mixmre was then heated to a temperature in a range 
of approximately 70° to 80° centigrade for about one to three 
hours. The progress of the reaction was monitored by a color 
change from the typical yellow/red VjOj color to a darker 
color which was rwidish-brown to brown-black. Since moni- 
toring of a color change may be somewhat subjective, it is 
sufficient to follow the color change, typically from rela- 
tively light to a relatively darker color. The color changes are 
dependent on several factors including the reaction chem- 
65 istry, . particle size, particle morphology, and impurities. 
Other color changes may be observed besides those 
described above. The product after filtering and drying. 
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however, will typically appear as a brown-black color. The 
solid precipitate product of the invention was filtered and 
dried producing a fine powder of the above-mentioned 
brown-black color. The product was found to have a sur- 
prisingly small particle size on the order of 0. 1 to 5 microns, 5 
and typically less than 10 microns. 

The vanadium pentoxide is typically at least partially 
dissolved in the mixture. Typically, some portion of the 
vanadium pentoxide is dissolved and some is dispersed in 
the mixture. It is usually not necessary to use excess >o 
amounts of the alkoxide or the pentoxide to drive the 
reaction to completion. Close to stoichiometric amounts are 
sufficient and prevent unnecessary waste. It may become 
necessary in some situations to use an excess amoimt of the 
alcohol in order to keep the mixture from becoming solid 15 
before the reactions are complete. For example, a two to one 
ratio of alcohol to lithium hydroxide prevents the formation 
of a solid lump of CHgCHjOLi. Alternatively, it is possible 
to use a relatively low concentration of alcohol in water 
solution, i.e., 50% ethanol rather than 96% ethanol to 20 
achieve the same purpose. It is preferred to conduct the 
drying step in an essentially oxygen-free atmosphere such as 
under an inert gas, argon, helium, nitrogen, or under a 
vacuum or subatmospheric pressure. Although it is not 
thought to be necessary, it is possible to also conduct the 25 
reaction step in a similar atmosphere. It is preferred to use 
linear alcohols in the process, however, branched alcohols 
may also be used. The lower the alcohol and the less is the 
branching, the faster the reaction rate one expects. Ethanol 
is the first choice, With methanol being the second choice, 30 

n. Preparation of Cell Using Active Material 

The cathode active material of the invention is used to 
prepare cathodes for lithium based electrochemical cells. 35 
The cycling performance of the active material {FIG. 1) was 
obtained using a cell as shown in FIG. 2. The test cell used 
to determine capacity had an active area of about 28 cm^. 
Referring to FIG. 2, an electrochemical cell or battery 10 has 
a negative electrode side 12, a positive electrode side 14, and 40 
a separator 16 there-betwecn. In accordance with common 
usage, a battery may consist of one cell or multiple cells . The 
negative electrode is the anode during discharge, and the 
positive electrode is the cathode during discharge. The 
negative electrode side includes current collector 18, typi- 45 
cally of nickel, iron, stainless steel, and/or copper foil, and 
a body of negative electrode material 20. The negative 
electrode material 20 is sometimes simply referred to as the 
negative electrode or negative electrode composition. The 
negative electrode side 12 may consist of only a rnetallic 50 
electrode 20 wiihoul a separately distinguishable current 
collector 18. Hie positive electrode side 14 includes current 
collector 22, typically of aluminum, nickel, iron, stainless 
steel, and/or copper foil, or such foils having a protective 
conducting coating foil, and a body of positive elecu-ode 55 
material 24. The cathode composition 24 has a typical 
composition as set forth in Table 1 and includes the LiVyO^ 
of the invention as the active material. The positive electrode 
material 24 is sometimes simply referred to as the positive 
electrode or positive electrode composition. The separator 60 
16 is typically a solid electrolyte or electrolyte separator. 
Suitable electrolyte separators (polymer electrolyte) are 
described in U.S. Fat. Nos. 4,830,939, 4,990,413, 5,037.712, 
and 5,229,225 each of which is incorporated herein by 
reference in its entirety. The electrolyte separator is a solid 65 
organic polymer matrix containing an ionically conducting 
powder or liquid with an alkali metal salt and the liquid is 
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an aprotic polar solvent. Cell 10 also includes a protective 
covering (not shown) which functions to prevent water and 
air from contacting the reactive layers of the cell 10. 

Cell 10 is preferably a laminar thin cell type including a 
lithium anode (negative electrode 20), Laminar thin-cell 
batteries containing lithium anodes are known in the art, and 
it will be appreciated that tiic cell can include various 
constructions such as bi-faced or bi-polar cell designs. 
Examples of cell constructions include a "jelly roll" or a fan 
folded laminate strip design as described in U.S. Pat. No. 
4,879,190 incorporated herein by reference in its entirely. 

Because the cell utilizes a lithium anode layer 20, it is 
necessary to manufacture the cell in a water (humidity) free 
environment. Lithium is extremely reactive with water and 
if reacted, a passivation layer can form on the surface of the 
anode layer, reducing the efficiency of the layer, and inaeas- 
ing cell impedance. Accordingly, it is particulariy desirable 
to manufacture the cell in an environment having a relative 
humidity at room temperature of less than 2% (less than 300 
ppm water). An environment containing between 1 ppm and 
50 ppm water, and preferably less than 1 or 2 ppm water, 
produces a particularly efficient cell. 



TABLE 1 


TYPICAL CATHODE COMPOSmON 


PERCENT WEIGm* 


Active Maicrial UVyO, 


45.0 


Carbon 


10.0 


Propylene Caibonatc (PC) 


33,0 


PolyEihylene Oxide (PEO) 


1.0 


PolyEthyleneGlycolDiAciylalc 


9.0 


(PEGDA) 




TriMeUiylPolyEthylcne Oxide Tri- 


2.0 


Aaylatc (TMPEOTA) 





The cathode composition containing the active material of 
the invention is coated onto nickel foil, followed by electron 
beam curing (cross-linking/polymerization) of die acrylate 
component. Then the electrolyte is coated on top of the 
cathode and cured with ultraviolet light The lithium elec- 
trode is applied on top of the electrolyte separator and the 
battery is finally placed in a flexible pouch 40 which is heat 
sealed under vacuum. 

Hie cathode material of the invention was tested in a cell 
to determine the behavior of specific capacity at an increas- 
ing number of charge and discharge cycles. 

The rate capability and cycling capacity was markedly 
improved over lithium vanadium oxide prepared by conven- 
tional methods. The improved behavior of the specific 
capacity at an increasing number of charge and discharge 
cycles is as shown in FIG. 1. 

Although not wishing to be held to any particular theory, 
it is thought that the product of the invention is in the form 
of LiVjOj with perhaps a small amount of LiVjOg. Hence, 
tiie product LiV^O^, 0<y^3 and 0<z^8 encompasses both 
die LiVjOj and LiVgOg. The product of the invention is 
preferred compared to other lithium vanadium oxide par- 
ticles because of the small particle size. In an as-synthesized 
condition the product is a powder with particle size on the 
order of 10 microns or less and is easily crushed to a smaller 
size during the formation of the cathode mixture. The 
fineness of the particles is important to good performance of 
the cathode itself because many advantages are obtained. 
They include no breaking of large particles which typically 
occurs during intercalation/disintercalation cycles; no con- 
tact loss occurs; better contact between the active material 
and the conductive material (carbon) so it is possible to 
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apply high current; and the electrolyte can reach into inner- 
most portions of the cathode to reduce polarization. Such 
advantages are evidenced by the cycling performance shown 
in FIG. 1. 

The invention provides a lithium vanadium oxide com- 5 
pound having high purity, and good energy, power and 
cycling capability. The process of the invention is efl&cient 
and readily adaptable to continuous producdon of large 
quantities of active material in a manufacturing setting. 

While this invention has been described in terms of 
certain embodiments thereof, it is not intended that it be 
limited to the above description, but rather only to the extent 
set forth in the following claims. 

The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined in the appended 
claims. 

We claim: 

1. A method of making an electrode active material of the 
nominal general formula LiVyO^ where y is greater than 0 
but less than or equal to 3, and z is greater than 0 but less 
than or equal to 8, comprising: 

a. forming a mixture of lithium hydroxide dispersed in a 
alcohol of the general formula C„H2„^,0H, each of 
said lithium hydroxide and said alcohol being provided 25 
in an amount sufficient to provide a lithium alkoxide of 
the general formula U0C„H3„+i; 

b. adding to the mixture of step (a) progressive amounts 
of an oxide of vanadium having the general formula 
V2O3 (vanadium pentoxide) while stirring the mixture; 30 

c. reacting the vanadium oxide with the alkoxide in the 
mixture of step (b) for a time sufficient to provide a 
solid precipitate of the general formula LiVyO^; and 

d. separating and drying the solid precipitate of step (c) to 
obtain a powder of an oxide of vanadium having the 
nominal general formula LiVyO^, where 0<yi3 and 
0<y^8. 

2. The method according to claim 1 wherein the mixmrc 
of step (b) includes 2 moles of the alkoxide for each 3 moles 
of vanadium pentoxide. 

3. The method according to claim 1 wherein the reacting 
step (c) is monitored by observing color change as the 
precipitate is formed. 

4. The method according to claim 1 wherein the reaction 
temperature of step (c) is in a range of 70° to 85° centigrade. 

5. The method according to claim 4 wherein die reaction 
temperature of step (c) is maintained for one half to three 
hours. 

6. The method according to claim 1 wherein the drying 
step is conducted at a tempcramre of 110° to 150° centi- 
grade. 
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7, The method according to claim 1 wherein the alcohol 
is selected from the group consisting of methanol and 
ethanol. 

8. A method of making an elecU'ode active material of the 
general formula LiVyO^, where y is greater than 0 but less 
than or equal to 3. and 2 is greater than 0 but less than or 
equal to 8, comprising: 

a. forming a mixture of lithium hydroxide dispersed in 
ethanol each in an amount sufficient to provide a 
lithium alkoxide of the general formula LiOCHjCHj 
according to the reaction 



UOH+CHaCH^OH^UOCHiCH^+H^O 

b. adding to the mixmre of step (a) progressive amounts 
of an oxide of vanadium having die general formula 
V2O5 (vanadium pentoxide) while stirring the mixture; 

c. reacting the oxide of vanadium with the LiOCH2CH3 in 
the mixture of step (b) for a time sufficient to provide 
a solid precipitate of the general formula Li V^O^; and 

d. separating and drying the solid precipitate of step (c) to 
obtain a powder of an oxide of vanadium having the 
nominal general formula LiV^O^, where 0<y^3 and 
0<z^8. 

9. The method according to claim 8 wherein the edianol 
is present in a solution of at least 50% ethanol. 

10. The method according to claim 8 wherein 96% 
e±anol is used and 0.5 moles of lithium hydroxide are used 
for each 200 milliliters of 96% ethanol. 

11. The method according to claim 8 wherein 0.75 moles 
of vanadium pentoxide are used in step (b) for each 0.5 
moles of lithium hydroxide used in step (a). 

12. The method according to claim 8 wherein the mixture 
of step (b) includes 2 moles of the alkoxide of step (a) for 
each 3 moles of vanadium pentoxide. 

13. The raetiiod according to claim 8 wherein reacting 
step (c) is monitored by observing color change as the 
precipitate is formed. 

14. The metiiod according to claim 8 wherein the reaction 
temperature of step (c) is in a range of about 70° to 85° 
centigrade. 

15. The method according to claim 14 wherein the reac- 
tion temperature of step (c) is maintained for one half to 
three hours. 

16. The method according to claim 8 wherein the drying 
step is conducted at a temperature of about 110° centigrade. 
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[57] ABSTRACT 

A process of making lilhiura battery electrode active mate- 
rial having fine particles of vanadium oxide (V^Op or 
lithium-vanadium oxide (Li^Wfiy) intimately mixed with 
fine panicles of carbon. The process includes forming a wet 
solution of a vanadium oxide precursor and carbon, and then 
decomposing the precursor/carbon mixture at an elevated 
temperature or by atomization in a controlled atmosphere. 
Alternatively, fine particles of vanadium oxide are formed 
from precursor halogen compounds by atomization in oxy- 
gen. 
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LITHIUM BATTERY ELECTRODE 
COMPOSITIONS 

This is a continuation of application Ser. No. 08/040,224 
filed on Mar. 30, 1993 now abn. 5 

FIELD OF THE INVENTION 

This invention relates to electrochemical batteries and 
more particularly to improved positive electrode material for lo 
use with lithium-containing negative electrodes. 

BACKGROUND OF THE INVENTION 

The electronic conductivity of transition metal oxides, is 15 
generally lower than the electronic conductivity of transition 
metal sulphides. It is possible to make battery cathodes 
containing transition metal sulphide active material and a 
binder. However, it is necessary to add carbon to the 
composite cathode when the active material is based on an 20 
oxide. The requirement for carbon and the amount thereof 
depends, to some extent, on the specific oxide. The elec- 
tronic conductivity of vanadium oxides decreases substan- 
tially (2-4 orders of magnitude) during lithium insertion, 
upon discharge of a battery. This increases the need for even 25 
greater amounts of added carbon. The amount of carbon 
added is usually equivalent to about 40-50% by volume of 
tiie cathode mixture. Tliis depends on the relative densities 
of the carbon and the other components in the cathode. 
Methods which allow reduction of the carbon content are 30 
important in order to increase the specific energies of the 
battery. 

Current batteries contain high surface area oxide powders 
obtained by milling of precursor material. Current mctiiods 
for the manufacture of powders involve mechanical grinding 35 
of precursor material prepared, for example, by rapid quench 
of molten material or by precipitation from an aqueous 
solution. As a result, the precursor material is in the form of 
lumps or large particles. By standard milling techniques it is 
difficult to reduce the lumps to less tiian 100 micrometers 40 
and very diflScult to grind them to less than 10 to 50 
micrometers. Smaller particle sizes arc desirable because the 
larger the surface area, the higher is the current drawn from 
a battery while the current density on the surface of the 
active material remains low which allows high utilization of 45 
the active material. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, there is pro- 50 
vided a method for preparing an electrode material com- 
prising an oxide of vanadium (vanadium oxide) and carbon, 
in which a solution or wet mixture comprising a compound 
containing vanadium oxide is prepared with fine particles of 
cartxjn dispersed therein. The solution is then dried while 55 
maintaining dispersion of the carbon panicles, and then is 
heated for a time and at a temperature sufiBcient to decom- 
pose the vanadium oxide (precursor) to one or more oxides 
of vanadium, but insufficient to ignite the fine particles of 
carbon. Carbon particles are formed from precursor male- 60 
rials (i.e acetylene) at temperatures of about 800° C. Thus, 
a suitable upper limit for the process of the invention is 800® 
C. However, lesser temperatures, as low as about 300* C, 
may be used, TTie decomposition may occur in minutes, 
depending on the temperature used. The product so formed 65 
has vanadium oxide particles intermingled with fine par- 
ticles of carboa 
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Suitable precursors of the vanadium oxides are com- 
pounds selected from tiie group consisting of NH4VO3, and 
vanadium oxide halogen compounds such as VOFj, VOBr, 
VOBra, VOBrj, VOCl, VOCl^, WOO^ and similar com- 
pounds having tiie Br and CI replaced by I or F. In the case 
of NH4VO3, the wet mixture is desirably aqueous; and the 
NH4VO3 (ammonium metavanadate) is the precursor of the 
VjOj (vanadium pentoxide). The V2O5 intermingled with 
carbon is formed by preparing an aqueous solution com- 
prising anunoniimi metavanadate and fine particles of car- 
bon dispersed in the aqueous solution. The aqueous solution 
is dried while maintaining dispersion of the carbon particles 
and then the ammonium metavanadate is decomposed to 
form V2O5 intermingled with the carbon particles. 

In a series of additional steps, the V2O5 intermingled witii 
the fine carbon particles may be included in a second wet 
mixture comprising LiOH. A reaction is conducted so as lo 
form LiV30g intermingled with the particles of carbon. 

In tiie case of VOF2, VOBr, VOBra, VOCl, the wet 
mixture is desirably non-aqucous. Vanadium oxide halogens 
such as VOC2, VOQg and VOBr are liquid or very deli- 
quescent and may be mixed with carbon with or witiiout a 
non-aqucous solvent. 

The decomposition of the vanadium oxide compound 
occurs in a range of about 200° C. to about 500' C. with 
various compounds having various decomposition tempera- 
tures. When decomposition is conducted in an environment 
which is esseritially oxygen-free, tiie oxide of vanadium so 
formed is represented by the nominal formula V^Oij, When 
the decomposition is performed in an oxygen-containing 
environment, the oxide of vanadium produced is represented 
by the nominal formula V2O5. 

When decomposition occurs in an oxygen-containing 
environment, so as to cause formation of V2O5, additional 
steps can be added in order to form a lithium/vanadium 
oxide of the nominal formula LiV30g intermingled with the 
fine carbon particles, similar to tiie steps described with 
respect to the NH3VO4 precursor. The additional steps 
include forming a second wet mixture comprising VjOg and 
lithium hydroxide and reacting the lithium hydroxide with 
the V2O5 to provide tiie UVjOg intermingled witii fine 
particles of carbon. 

Preferably, the reaction takes place at a temperature of at 
least about 20° C. It occurs more rapidly in a range of about 
20° C. to about 60° C It is desired tiiat tiie LiOH be present 
in an amount sufficient to provide at least one mole of Li for 
each 1.5 moles of the V2O5. 

In still another embodiment, fine particles of an oxide of 
vanadium are prepared by decomposition of a precursor by 
spray drying or atomizing. In this method, a liquid contain- 
ing a vanadium oxide compound is atomized by contacting 
the liquid with a humidified gas stream at a temperature 
greater than the temperature of the liquid thereby providing 
very fine particles of an oxide of vanadium. Suit^le vana- 
dium oxides include vanadium oxide halogen compounds. 
Vanadium oxide halogen compounds which are suitable 
include: VOCl, VOClj, VOCI3, VOBr, VOBrj, VOBrj and 
VOFj. These compounds are readily decomposed in humidi- 
fied air to form vanadium oxides V^^Oy. Similar vanadium 
oxide halogen compounds having the Brj^ or Cl^ replaced by 
Ijt or F, (x=l, 2 or 3) may also be used. Among these 
vanadium compounds, VOQj, VOCI3 and VOBi^ are in a 
liquid or very deliquescent state and optionally include a 
solvent. In the case of the others, the liquid to be atomized 
includes a carrier solvent, preferably a non-aqueous, organic 
solvent. 
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If desired, prior to atomization, the liquid containing the 
vanadium oxide compound may also include fine particles of 
carbon which are ejected into the atomized stream along 
with the vanadium oxide compound. This forms fine par- 
ticles of vanadium oxide V^Oy intermingled with carbon 5 
particles. 

It is an object of the invention to provide elecU-odes of 
improved specific energies by reducing vanadium oxide 
particle size and by improving contact between oxide par- 
ticles and conductive carbon of the electrode. Other objects 
include reducing cost of production, reducing or eliminating 
milling, and increasing consistency and purity of the elec- 
trode active material. 

These and other objects, features and advantages will 
become apparent from the following detailed description of 
the preferred embodiments, appended claims and accompa- 
nying drawings. 



BRIEF DESCRIPTION OF THE DRAWING 20 

The FIGURE is an illustration of a cross-section of a thin 
battery or cell embodying the invention. 



DETAILED DESCRIPTION OF THE 25 
PREFERRED EMBODIMENTS 

As shown in the drawing, a lithium electrochemical cell 
or battery 10 has a negative electrode side 12, a positive 
electrode side 14, and a separator 16 therebetween. In 
accordance with common usage, a battery may consist of 
one ceU or multiple cells. The negative electrode is the anode 
during discharge, and the positive electrode is the cathode 
during discharge. The negative electrode side includes cur- 
rent collector 18, typically of nickel, iron, stainless steel, ^5 
and/or copper foil, and a body of negative electrode active 
material 20. The negative clecurode active material 20 is 
sometimes simply referred to as the negative electrode. The 
positive electrode side includes current collector 22. typi- 
cally of aluminum, nickel, iron, stainless steel, and/or copper ^ 
foil (such foils usually have a protective conducting coat- 
ing), and a body of positive electrode active material 24 
which has as its main component one or more oxides of 
vanadium. The positive electrode active material 24 is 
sometimes simply referred to as the positive electrode. The 
separator 16 is typically a solid electrolyte, or electrolyte 
separator. A suitable electrolyte separator (polymer electro- 
lyte) is described in U.S. Pat. No. 4,830.939, incorporated 
herein by reference. The electrolyte separator is a solid 
organic polymer matrix containing an ionically conducting 
liquid with an alkali metal salt and the liquid is an aprotic 
polar solvent. 

In one embodiment, positive electrode active material of 
vanadium oxide is intermingled with carbon and is prepared 
from an ammonium metavanadate precursot The ammo- 55 
mum metavanadate (NH4VO3) may be prepared from alkali 
solutions of V2O5 and precipitation with aimnonium chlo- 
ride. The starting material, ammonium metavanadate, is 
dissolved in solution, preferably an aqueous solution. 
Ammonium metavanadate is soluble in 165 parts water, and 
its solubility increases with temperature. Ammonia enhances 
solubiUty in water. 

Next, a desired amount of carbon is dispersed in the 
aqueous solution. The solution is dried and in the preferred 
method, water is removed by evaporation while the carbon 65 
is disposed in the solution by stirring or by agitation of the 
reaction vessel. 



The final step of the process consists of heating the dried 
mixture of carbon and ammonium metavanadate for a time 
and at a temperature sufiScient to decompose the ammonium 
metavanadate to one or more oxides of vanadium, but at a 
temperature insufficient to ignite the fine particles of carbon. 
When the decomposition is conducted in an oxygen-con- 
taining environment, the vanadium oxide, produced by such 
decomposition, has the nominal formula V2O5 (vanadium 
pentoxide). When the decomposition step is conducted in an 
essentially oxygen-free environment, die vanadium oxide so 
produced is represented by the nominal formula VgOig. 
Preferably, the non-oxygen containing environment is an 
inert gas stream, such as argon or nitrogen, whereby the 
NH4VO3 is decomposed to VtfOig. Thus, and VgOia 
are each formed from the decomposition product of 
NH4VO3 while being intermingled with carbon particles. 
The product is thus essentially in the form of carbon 
particles coated with the vanadium oxide or, depending on 
the relative sizes of the carbon particles and the vanadium 
oxide particles, the oxide particles may be coated with 
carbon. In any event, intimate mixing and intimate contact 
between carbon grains and oxide grains is achieved. 

it is thought that the step of heating to decompose may be 
conducted at a temperaUire in the range of 4(X)'' C. to 450* 
C, or somewhat less because the carbon may act as a 
catalyst for the decomposition reaction. Thus, a temperature 
as low as about 300° C. may be selected. An advantage of 
the method is that the intimately mixed carbon and vana- 
dium oxide is formed by heating in an atmosphere which 
contains NH3 formed by decomposition of the ammonium 
metavanadate. This is thought to be beneficial because the 
reducing effect of NH3 at 400*' C. may remove sulfur and 
organic impurities present in the carbon particles. Suitable 
carbon particles are Ketjen Black or Shawinigan Black 
which are mixed with the starting NH4VO3 prior to evapo- 
ration of the solvent and decomposition of the NH4VO3, as 
stated above. Carbon particles are formed from precursor 
materials (i.e acetylene) at temperatures of about 800*' C. 
Thus, a suitable upper limit for the process of the invention 
is 800° C. However, lesser temperatures, as low as about 
300° G, may be used. The decomposition may occur in 
minutes, depending on the temperature used. 

Preferably, the carbon particles are impregnated with an 
aqueous solution of the NH4VO3. Preferably, after disper- 
sion of Uie carbon in the NH4VO3 solution, the excess 
solvent is removed by evaporation, filtering and/or vacuum 
drying. Elevated temperature may be used to speed the 
drying process. 

Carbon particles may be obtained from Noury Chemical 
Corporation, under the designation Ketjen Black. The 
Ketjen Black particles, in an as-received condition, have a 
BET surface area of approximately 900 m^/gram. Ketjen 
Black has an average particle size or equivalent average 
diameter in the range of about 10 to 100 nanometers (0.01 
to 0.1 microns), and typically in the order of 30 nanometers. 
Thus, the carbon particles and oxide particles are very fine 
and of micron or submicron size. 

The advantages of this procedure arc that there is 
improved grain-to-grain contact between carbon and vana- 
dium oxide particles (V2O5 or VgOis), ^Iso between the 
various carbon particles, which enhances the electric con- 
tacts in the carbon and vanadium oxide network of the 
composite electrode. Another advantage is that the decom- 
position may occur in a temperature of about 3(K)° C. or less, 
as compared to the 400° C. for decomposition of NH4VO3 
in the absence of carbon. Thus, the process of the invention 
reduces energy requirements and preparation costs. Still, 
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another advantage is that vanadium oxide particles are 
formed having an average size less than 100 microns, 
desirably less than 50 microns and, preferably, less than 10 
microns. It should be noted that median particle size refers 
to that size at which 50% by weight of the particles are, 5 
respectively, above and below in size. 

In another embodiment, the method of the invention can 
be used to prepare LiVgOg in a completely amorphous state 
and in intimate contact with particles of carbon. The amor- 
phous state is beneficial for rate capabilities and energy 
density. This composite is prepared by forming a VjO^ 
carbon mixmre, as described above. This V205/carbon com- 
position is then dispersed in a solution of LiOH in water, 
where the amount of V2O5 and LiOH conresponds to the 
stoichiometric amounts of the two compounds needed for 
formation of LiVjOg. It is thought that part of the V2O3 15 
dissolves in solution, followed by reaction between the 
dissolved V^Oj, LiOH and water and then with the remain- 
ing solid V2O5, with the subsequent formation of LiVjOg. 
The reaction is fairly slow at room temperature, but proceeds 
at a reasonable rate at a 50° C. to 60° C. A process of adding 20 
progressive amounts of vanadium penloxide to an LiOH . 
solution is more fully described in U.S. Pat. No. 5,039,582, 
which is incorporated herein in its entirety by reference. The 
reaction to form LiVgOg is conducted while keeping the 
carbon and undissolved V^Oj dispersed in solution, so that 25 
the contact between the product LiVgOg and the carbon is 
optimized. Advantageously, because part of die V2O5 is 
dissolved during the procedure, intimate mixing between the 
VjOj precursor from which the LiV^Og is formed and the 
carbon, is essentially automatically achieved. Particle size of 
the lithium vanadium oxide is on the order of that described 
earlier in cormection with V2O5 and VgOjg. 

In still another embodiment, other vanadium oxide com- 
pounds are decomposed to form binary vanadium oxides 
V^Oy intermingled with fine carbon particles. Suitable vana- 
dium oxide compounds include vanadium oxide halogens 
such as VOBr, VOBrj, VOQ and VOF2 which are all 
thought to decompose below 200° C. except VOBr which 
decomposes at a temperature of about 480° C. Others are 
VOCI2, VOCI3 and VOBrj which are liquids and, therefore, 
easy to mix with carbon or absorb carbon. The family of 40 
vanadium oxide halogens which are useful in the process are 
represented by the general formula V, O, M^^ where x= 1. 2 
or 3. 

In the basic method, the vanadium oxide halogen com- 
pound is mixed with particles of carbon, forming a wet 45 
mixture. The solvent is then dried while maintaining dis- 
pcnion of the carbon particles, and then is heated for a time 
and at a temperature sufficient to decompose the vanadium 
oxide compound to one or more oxides of vanadium, but 
insufficient to ignite the fine particles of carbon. The product 
so formed comprises particles of one or more oxides of 
vanadium intermingled with fine particles of carbon. Given 
the presence of carbon, which acts as a catalyst, reduction of 
the stated decomposition temperatures is possible. It should 
be noted that at lower decomposition temperatures, some 
compounds may become less stable and may react with 
water and, therefore, require handling under inert gas con- 
ditions, or with a non-aqueous solvent. 

In still another embodiment, finely dispersed powders of 
binary vanadium oxides are formed from vanadium oxide 
halogens CV,OyM^ M=a, Br. F or D by decomposition in ^ 
a moist atmosphere by atomization. Such compounds are 
exemplified by the genial formula VjOiM, where x=l , 2 or 
3. Among the vanadium oxide halogen compounds, VOClj, 
VOQa and VOBrj are particularly suitable because they are 
liquids and a carrier solvent (dispersant) may not be required 65 
for atomization or spray drying. Other vanadium oxide 
halogen compounds such as VOBr, VOBrj, VOQ and 



VOFj, are not typically in a liquid condition, these com- 
pounds may be dissolved or dispersed in a non-aqueous 
solvent and then atomized to achieve finely dispersed binary 
Vfiy powders. When the decomposition takes place in open 
air, the major component of such decomposition will be 
V2O5. However, by adjusting the reducing properties of the 
atmosphere, various vanadium oxides in die form of fine 
particles may be obtained. Such particles are of micron or 
submicron size. In the absence of carbon the finely dispersed 
vanadium oxide powders so produced are then mixed with 
carbon without the necessity of ball-milling to achieve 
intimate contact. Alternatively, fine particles of carbon may 
be included in the liquid prior to atomizing. The conditions 
for atomization are rather broad and include forming drop- 
lets in a gas stream containing water, i.e. humidified gas 
stream. The conditions for decomposition of an atomized 
stream of VO halogen compounds (VJO^^) are raUier 
broad. From a practical view point, there must be sufficient 
humidity to permit reaction between Vj^O^M^ molecules and 
droplets or molecules of water. Thus, even a small amount 
of water in an air stream will yield some binary oxide 
product. As the air is made more humid, the dispersion and 
difiusion of water molecules result in improved contact with 
VfiJA^ molecules, and a greater yield of binary V^O^ 
product. The temperature of such process must be sufficient 
to prevent recondensation of water and consequential reduc- 
tion of water in the himrrid air. It is possible to conduct the 
atontization/decomposition at about room temperature, i.e. 
about 10* C. to about 40° C, and Uien adjust the flow of 
atonuzed V^O^M^ and humid air to achieve a desired yield. 
The theoretical upper temperature limit is that at which 
decomposition of the desired binary oxide product, or car- 
bon particles intermingled therewitii, occurs. This is thought 
to be on the order of about 800° C. 

The vanadium oxides of the invention were used to 
prepare cells with lithium-based anodes. Several cells were 
prepared by mixing oxide active material carbon (typical 
Shawinigan Black) and electfolyte/binder. The oxides were 
prepared with and without carbon. Thus, in some cases, 
carbon particles were added after fine particles of the oxide 
had been formed. A typical composition is as given in Table 
1. 

TABLE 1 



Typical Calhodc Composition 



Percent by Weight 



Vanadium Oxide 
Carbon 

Propylene Carbonale (PC) 
PolyEthylenc Oxide (PEO) 
PolyEthyleneGlycolDiAcrylate O'EGDA) 
TriMcthylPolyElhylcnc Oxide TriAciylate 
(TMPEOTA) 



45,2% 
10.3% 
33.3% 
1,0% 
8,8% 
1.5% 



The catiiode was coated onto nickel foil followed by 
electron beam curing (cross-linking/polymerization) of the 
acrylate component. Then the electrolyte was coated on top 
of the cathode and cured with ultraviolet light. The lithium 
electrode was applied on top of the electrolyte separator and 
the battery was finally placed in a flexible pouch which was 
heat sealed under vacuum. 

The energy density of the batteries based on these new 
electrode materials is improved. That is believed to be 
achieved by decreasing the carbon content of the cathode, 
providing better contact between the carbon and the vana- 
dium oxide, and keeping the carbon content at a lesser level 
than would otherwise be required due to the increased 
contact which increases die electronic conductivity allowing 
higher current drains, while Uie energy densi^ remains 
essentially unchanged. Panicle size is on die order of less 
than 100 microns, desirably less than 50 microns and, 
preferably, less than 10 microns. 
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The method of the invention eliminates, or at least 
reduces, the need for standard milling techniques, whereby 
it is difiScult to reduce particle size to less than about 100 
microns. Since suitable particle size, less than 50 microns 
and, preferably, less than 10 microns is achieved by intimate 5 
mixing with carbon to form an electronically conducting 
carbon networic with good contact to the active material on 
a microscopic scale, the invention avoids heavy-duty nulling 
methods. However, if desired, milling of the final produa is 
possible and desired for mixing of carbon with oxide par- 
tides if such carbon was not previously included. The 
degree of any milling is greatly reduced. That is, the mixing 
force of any subsequent milling step would be very much be 
reduced. 

While this invention has been described in terms of 
certain embodiments thereof, it is not intended that it be 
limited to the above description, but rather only to the extent 
set forth in the following claims. 

The embodiments of Ihe invention in which an exclusive 
property or privilege is claimed are defined in the appended 
claims. 

I claim: 

1. A method of preparing a composition for an electrode 
comprising forming a wet mixture consisting essentially of 
ammonium metavanadaie (NH4VO3) and fine particles of 
carbon dispersed in a solvent, removing at least a portion of 25 
the solvent and decomposing the ammonium metavanadate 

in an oxygen-containing environment at a temperature suf- 
ficient to form particles of an oxide of vanadium represented 
by the nominal general formula WJOs intermingled with and 
in grain-to-grain contact with the fine carbon particles. 30 

2. The method according to claim 1, wherein the decom- 
position temperamre is in a range of about 300° C. to about 
450° C. 

3. The method according to claim 1, wherein said at least 
portion of the solvent is removed from the mixture by 35 
filtration or vacuum sensation. 

4. The method according to claim 1, wherein said at least 
a portion of the solvent is removed by heating to a tempera- 
ture less than the decomposition temperature. 

5. The method according to claim 1 and further compris- 
ing after said decomposition;. ^ 

forming a second wet mixture comprising the decompo- 
sition product and lithium hydroxide (LiOH), and 
renting the LiOH with the decomposition product for 
a time and at a second temperature sufficient to provide 
lithium-vanadium oxide of the nominal formula 
LiVsOg intermingled with and in grain-to-grain contact 
with the fine carbon panicles. 

6. The method according to claim 5, wherein the second 
temperature is at least about 20** C. 

7. The method according to claim 5, wherein the second 50 
temperature is in a range of about 20** C. to about 60° C. 

8. The method according to claim 5, wherein the LiOH is 
present in an amount sufficient to provide at least one mole 
of Li for each 1.5 moles of the V2O5. 

9. A method of preparing a composition for an electrode, 55 
comprising: 

a) forming a mixture comprising a vanadium oxide halo- 
gen compound and fine particles of carbon dispersed in 
the mixture; and 

b) decomposing the vanadium oxide halogen compound 60 
to form particles of one or more oxides of vanadium, 
and intermingling the particles of the one or more 
oxides of vanadium witii the fine carbon particles in 
grain-to-grain contact therewith. 

10. The method according to claim 9, wherein the mixmre ^5 
of step (a) includes a solvent and before step (b) at least a 
portion of the solvent is removed from the mixture. 
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11. The method according to claim 9, wherein the vana- 
dium oxide halogen compound is selected from the group 
consisting of VOF^, VOBr, VOBrj, VOBrj, VOCl, VOClj 
and VOCI3. 

12. The method according to claim 9, wherein the tem- 
perature is in a range of about 200** C. lo about 500** C. 

13. The method according to claim 9, wherein step (b) is 
conducted in an environment which is essentially oxygen- 
free, thereby providing the oxide of vanadium represented 
by the nominal formula VgOjj. 

14. The method according to claim 9, wherein step (b) is 
conducted in an oxygen-containing environment thereby 
providing die oxide of vanadium represented by the nominal 
formula V2O5. 

15. The method according to claim 14 and finther com- 
prising; 

forming a second mixture comprising the product of step 
(b) and lithium hydroxide (LiOH), and reacting such 
mixture of LiOH and said product of step (c) for a time 
and at a second temperature sufficient to provide 
lithium- vanadium oxide of the nominal formula 
LiVjOg intermingled with the fine carbon panicles. 

16. The method according lo claim 15, wherein the second 
temperature is at least about 20° C. 

17. The method according lo claim 15, wherein the second 
temperature is in a range of about 20° C. to about 60° C. 

18. The method according to claim 15, wherein tlie LiOH 
is present in an amount sufficient to provide at least one mole 
of Li for each 1.5 moles of the VjOj. 

19. The method according to claim 1 wherein the solvent 
removal and the decomposition are each conducted at an 
elevated temperature, and the solvent removal temperatiu-e 
is less than the decomposition temperature. 

20. The method according to claim 9 wherein the mixture 
of step (a) includes a solvent, before step (b) at least a 
portion of the solvent is removed from the mixture, the 
solvent removal and the decomposition are each conducted 
at an elevated temperature, and the solvent removal tem- 
perature is less than the decomposition temperature. 

21. A method of preparing a composition for an electrode, 
comprising: 

a) forming a mixture consisting essentially of ammonium 
metavanadate (NH4VO3) and fine particles of carbon 
dispersed in a solvent; 

b) drying the mixture at a first temperature while main- 
taining dispersion of the carbon particles; and 

c) healing the product of step (b) for a time and at a second 
temperature greater than the first temperature and suf- 
ficient to decompose the anunonium metavanadate in 
an oxygen-containing environment to form particles of 
one or more oxides of vanadium and insufficient to 
ignite the fine particles of carbon, and intermingling the 
particles of the one or more oxides of vanadium with 
the fine carbon particles in grain-to-grain contact Ihere- 
with. 

22. The method according to claim 21 and further com- 
prising after step (c); 

forming a second wet mixture comprising the product of 
step (c) and lithium hydroxide (LiOH), and reacting the 
LiOH with the product of step (c) for a time and at a 
third temperature less than the second temperature and 
sufficient to provide lithium-vanadium oxide of the 
nominal formula LiVjOg intermingled with and in 
grain-to-grain contact with the fine carbon particles. 

***** 




US005556738A 



United States Patent [i9] [in Patent Number: 5,556,738 

Takamuki et al, [45] Date of Patent: Sep. 17, 1996 



[54] SHAVER HALIDE PHOTOGRAPHIC 

ELEMENT AND PROCESSING METHOD 
THEREOF 

[75] Inventors: Yasuhiko Takamuki; Ken Nagami, 
both of Kino, Japan 

[73] Assignee: Konica Corporation, Tokyo, Japan 

[21] Appl. No.: 502,216 

[22] Filed: Jul. 13, 1995 

[30] Foreign Application Priority Data 

Jul. 18, 1994 [JP] Japan 6-165385 

Aug. 24, 1994 [JP] Japan 6-199731 

[51] Int CI.** G03C 1>77 

[52] U.S. a 430/526; 430/531; 430/536; 

430/537; 430/524; 430/627; 430/642; 430/603 

[58] Field of Search 430/531,536, 

430/537, 642, 627, 526, 567. 603, 524 

[56] References Cited 

U.S. PATENT DOCUMENTS 



1.574.944 3/1926 Sheppaid , 

1,602.592 10/1926 Sheppard . 

1.623,499 4/1927 Sheppaid et al. . 

2,193,015 3/1940 Weissberger „ 95/88 

2.278,668 4/1942 Piety 172/245 

2.278.947 4/1942 Reister 95/7 

2.410,689 11/1946 Sheppard 95/7 

2.592,364 4/1952 Weissberger et al 95/88 

2.701,245 2/1955 Lynn 260/89.5 

2.992.101 7/1961 JeUey et al. 96/23 

3.297.446 . 1/1967 Dunn 96/107 

3.297.447 1/1967 McVeigh 96/109 

3,320,069 5/1967 Ulingsworth „ „ 96/107 

3.408.196 10/1968 McVeigh 96/108 

3.408.197 10/1968 McVeigh 96/108 



3,420.670 1/1969 Milton 96/109 

3,442.653 5/1969 Dunn 96/108 

3,489,576 1/1970 Vincent et al 106/1 

3,501.313 3/1970 WiUems el al 96/107 

3,531,289 9/1970 Wood 96/108 

3,591,385 7/1971 Evans 96/107 

3,655,394 4/1972 Dlingsworth 96/108 

3.656.955 4/1972 Ushimani el al 96/107 

3,772,031 11/1973 Berry et al 96/108 

4,047,958 9/1977 Yoneyama et al 96/87 R 

4,126,459 11/1978 Greenwald 96/29 

4.142.894 3/1979 Hori ei al 96/63 

4.396.706 8/1983 Ishii et al 430/403 

4,414,304 11/1983 Dickerson 430/353 

4,425.425 1/1984 Abbott etal 430/502 

4.439,520 3/1984 Kofron et al 430/434 

4,711,838 12/1987 Grzeskowiak et al 430/568 

5.098,818 3/1992 Ito el al 430/536 



FOREIGN PATENT DOCUMENTS 

0556845 8/1993 European PaL Off. . 
6-953U0 4/1994 Japan . 

Primary Examiner— QcrMinQ Letscher 

Attorney, Agent, or Fimi— Finnegan. Henderson, Farabow. 

Garrett & Dunner, L.L.P. 

[57] ABSTRACT 

A silver halide photographic element with enhanced sensi- 
tivity and improved pressure resistance is disclosed, com- 
prising a support having, on at least one side thereof, 
hydrophiiic colloidal layers including a light-sensitive silver 
halide emulsion layer and a nonlighi-sensitive hydrophiiic 
colloidal layer, wherein the nonlight-sensitivc layer contains 
organic material-aggregation particles; and gelatin con- 
tained in the total hydrophiiic colloidal layers provided on 
one side of the support amounts to a range of 1 .3 to 2.5 g per 
m^. 

10 Claims, No Drawings 
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SILVER HALIDE PHOTOGRAPHIC 
ELEMENT AND PROCESSING METHOD 
THEREOF 

5 

FIELD OF THE INVENTION 

The present invention relates to a silver halide photo- 
graphic clement and a processing method thereof, and 
particulariy to a silver halide photographic element high in 
sensitivity and excellent in pressure characteristics even 
when the total processing time is 30 seconds or less at a 
reduced developer-replenishing rate. 

BACKGROUND OF THE INVENTION 13 

Recently, a rapid advancement in shortening of access 
time to an image has been made through progress in elec- 
tronics, leading to further demand for more rapid processing 
of a silver halide element. 20 

Technique have been known for promoting photographic- 
processing speed such as a developing rate, fixing rate, 
washing rate or drying rate by reducing the amount of 
gelatin used as a binder for dispersing and protecting silver 
halide grains to provide rapid-processability. 25 

With reduction of the amount of gelatin used, highly 
sensitive silver halide grains become increasingly less able 
to resist external pressure, so that, when processed in an 
automatic processor, numerous small spot-like uneven den- 
sity, so-called roller marks, produced by pressure due to 30 
unevenness of the transporting rollers operating in the 
developing bath of the automatic processor. Especially when 
processed within a total processing time of 30 seconds, the 
roller mark problem becomes pronounced. 

Recently, ftirthermore, environmental pollution has been 
viewed as a world-wide problem, causing a rise in interest 
in waste-material at home and abroad to the point that . 
responsibility for reduction in waste-material at the corpo- 
rate level has been called for. 

40 

Under these conditions, reduction of photographic pro- 
cessing effluent becomes an urgent problem to be solved. In 
order to achieve such reductions, there were disclosed 
techniques of making tabular silver halide grains or applying 
selenium-sensilization to silver halide grains, as shown, for 
example, in JP-A 4-291252/1992 (the term "JP-A" herein 
means an "unexamined published Japanese patent applica- 
tion")- However, the level of reduction in the replenishing 
rate is still insufBcienl and it was found that further reduction 
lowered the level to pressure resistance. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a photo- 
graphic element high in sensitivity, improved in pressure 55 
resistance and suited for rapid-processing without causing 
the roller marks to occur even when processed at a low 
repleoishing rate in view of environment, and a processing 
method thereof. 

The object of the invention can be accomplished by a 60 
silver halide photographic element comprising a support 
having thereon a silver halide emulsion layer and a nonlight- 
sensitive hydrophilic colloid layer, wherein said nonlight- 
sensitive hydrophilic colloid layer contains organic mate- 
rial-aggregating particles and the total amoimt of gelatin 65 
contained in all hydrophilic colloid layers provided on one 
side of the support is 1 .3 to 2.5 g per m^ 



2 

DETAIL DESCRIPTION OF THE INVENTION 

The organic material-aggregation particles used in the 
invention are each comprised of fine particles of organic 
material in an aggregated form. Thus, a plurality of fine 
particles of an organic material (primary particles) having an 
average size of 0.05 to 0.50 pm, aggrcgate with each other 
to form particles having an average size of 1 .0 to 20.0 ^im. 

The aggregation particles may be either spherical or in an 
unfixed form. The organic material comprises a homo- 
polymer of alkyl meihacrylate. alkyl acrylate, fluorine- or 
silicon-substimted alkyl methacrylate, acrylate or styrene, or 
a copolymer thereof. As examples of monomer components, 
are cited methyl methacrylate, ethyl methacrylate, n-butyl 
methacrylate, n-hexyl methacrylate, 2-ethylhexyl methacry- 
late,cyclohexyl methacrylate. benzyl methacrylate, methyl 
methacrylate, ethyl acrylate, n-butyl acrylate, 2-hydroxy- 
ethyl methaacrylate, 2-methoxyethyl methacrylate, 2-meth- 
nesulfonamideethyl methacrylate, trifluoromethyl melh- 
acrylatel-trihydioxysilylpropyl methacrylate. Examples of 
polymers are as follows, in which the weight ratio of 
monomers is shown in the parenthese. Aggregation particles 
thereof are prepared so as to have an average size of 4.0 |mi, 
comprising primary particles having an average size of 0.1 
^im. 



B- 1 Polymethyl methaa7latc 
B-2 Polycthyl methacrylate 

B-3 (Mcihyl meihaciylatc/ethyl meihacrylate) copolymer 
(90/10) 

B-4 (Methyl mcthactylate/cthyl methacrylate) copolyma 
(50/50) 

B-5 (Methyl methacrylate/ethyl methacrylate) copolymer 
(20/80) 

B-6 (Methyl mclhacrylatc/stylcnc) copolymer (70/30) 

B-7 (Siylenc/ehiylacrylatc) copolymer (60/40) 

B-8 Polytriflooromethyl methacrylate 

B-9 n'rifluoremcthyl meihacrylate/methyl methacrylate) 

copolymer (50/50) 
B-10 (Trifluoromethyl mclhacrylale/slylcne) copolymer (30/70) 
B-Il Polystylene 



Among the above, polymethyl methacrylate is preferable. 

As examples thereof are cited GR-5 and GR-5P (product 
of Sohken Chemicals Corp.). To display eflfects without 
causing deterioration in haze, an addition amount thereof is 
preferably 10 to 200 mg/m^. It may be added to any layer 
such as an emulsion layer or protective layer preferably to a 
protective layer. Particularly, when the protective layer is 
divided into two or more layers, it is more preferable to add 
into an uppermost layer. 

In the invention, the amount of gelatin contained in all of 
hydrophilic colloid layers includmg an emulsion layer pro- 
vided on one side of a support is preferably 1 .3 to 2.5 g/m^ 
more preferably 1.5 to 2.3 g/m^. 

As gelatin is cited so-called alkali-treated gelatin or 
acid-treated gelatin. 

As silver halide applicable in the invention, it is preferable 
to use tabular grains so as to achieve high sensitivity. Any 
silver halide such as silver bromide, silver chloride, silver 
chlorobromide. silver iodochlorobromide or silver iodobro- 
mide may be optionally usable. Among these, silver iodo- 
bromide is preferable. 

The tabular grains are described in U.S. Pat. Nos. 4,439, 
520. 4,425,425 and 4,414,304 and die desired tabular grains 
can be readily obtained. The tabular grains are able to cause 
silver halide different in composition to grow epiiaxially or 
shell on a specific site of the surface thereof. Further, to 
conu^l a sensitivity speck, a dislocation line may be located 
on the surface or inside of the grain. 
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In the invcniion, tabular grains having an aspect ratio of 
not less than 2, preferably, account for 50% or more of the 
projected area of total grains contained in a layer containing 
the tabular grains. 

As the proportion of the tabular grains is increased to 5 
60%, further to 70% and furthermore to 80%, the more 
preferable results have been achieved. The term, an "aspect 
ratio" means an ratio of a diameter of a circle equivalent to 
the projected area of the grain to a distance between two 
parallel tabular faces. In the invention, the aspect ratio is not 
less than 2 and less than 20, preferably not less than 3 and 
less than 16. 

Tabular grains of the invention have a thickness of not 
more than 0.5 \im^ preferably not more than 0.3 \m. As to the 
size distribution of the tabular grains, is preferable a mono- 
dispersed emulsion having a coefficient of variation of grain 
size of 30% or less, preferably 20% or less, which is 
represented by a standard deviation of the grain size (S) 
divided by an average size (D), i.e.. S/DxlOO (%). The 
tabular grains may be mixed with non-tabular regular crystal ^ 
grains. 

To control the grain growth during the course of forming 
the tabular grains, there may be usable a silver halide solvent 
such as anmionia, a thioether compound or a thionc com- ^ 
pound. During the course of physical ripening and chemical 
ripening, may be addenda a salt of a metal such as zinc, lead, 
thallium, iridium or rhodium. 

In the invention, silver halide grains are preferably chemi- 
cal-sensitized with a selcnium-sensitizer. The selenium sen- 30 
sitizcrs used for chemical sensitization of the invention 
include a broad kinds of selenium compounds, as disclosed 
in U.S. Pat. Nos. 1,574,944. 1,602,592 and 1,623,499, and 
JP-A 60-150046/1985, 4-25832/1992, 4-109240/1992 and 
4-147250/1992. As usable selenium sensitizers, are cited 35 
colloidal selenium, isoselenocyanates (e.g., allyl isoseleno- 
cyanate). selenoureas (e.g.. N.N-dimcihylsclcnourea and 
NJV.N'-trielhylselenourea, NJ^,N'-trimethyl-N-heptafluo- 
roselenourea, NJ^,N'-trimelhyl-N'-heptafluoropropylcarbo- 
nylselenourea and N,N,N'-trimethyl-N'-4-nitrophenylcarbo- 40 
nylselenourea), selenoketones (e.g., selenoacetone and 
selenoacetophenone), selenoamides (e.g., selenoaceloamide 
and N,N-dimeihylselenoberu:amide), selenocarboxylic acids 
and selenoesters (e.g., 2-selenopropionic acid and methyl- 
3-selenobutylate), selenophophates (e.g., tri-p-triscleno- 45 
phosphate) and selenides (diethylselenide, dicthyldisclcnidc 
and triphenylphosphinselenidc). Particulariy preferable sen- 
sitizers arc sclcnourca.sclcnoamide and selenoketones. 
Examples of using techniques of these selenium sensitizers 
are disclosed in the following patent specifications; U.S. Pat. 50 
Nos. 1,574,944.. 1,602,592. 1,623.499, 337,446. 3,297, 
447. 3,320,069. 3,408,196, 3.408,197, 3,442,653, 3.420, 670 
and 3,591,385; French Patent Nos. 2693038 and 2093209; 
Japanese Patent Nos 52-34491. 52-34492, 53-295 and 
57-22090; JP-A 59-180536. 59-185330, 59-181337. 55 
59-181 338. 59- 1 92241 . 60-150046, 60-151 637. 6 1 -246738, 

3- 4221.3-24537. 3-111838. 3-116132. 3-148648. 3-237450, 

4- 16838, 4-25832. 4-3283 1 . 4-96059, 4-109240. 4-140738, 
4-140739. 4-147250, 4-149437, 4-184331. 4-190225. 
4-191729 and 4-195035; BriUsh Patent Nos 255846 and go 
861984; and also in a reference of H. E. Spencer et al., 
JouinaJ of Photographic Science Vol. 31, pages 158-169 
(1983). 

The using amount of the selenium sensitizer, depending 
on a selenium comjKJund, silver halide grains and the 65 
conditions of chemical ripening, is in general ICT^ to 10"^ 
mol per raol of silver halide. The selenium sensitizer may be 



added by dissolving in an organic solvent such as water, 
methanol, ethanol or ethylacetate or in a mixture thereof, or 
premixing with an aqueous gelatin solution; or added by 
dispersing in the form of an emulsion of a mixed solution 
with organic solvent-soluble polymer as disclosed in JP-A 
4-140739. 

The temperature of chemical ripening by using a selenium 
sensitizer is preferably within a range of 40® to 90° C. more 
preferably 45° to 80° C. The pH and pAg arc preferably 4 
to 9 and 6 to 9,5. respectively. 

In the chemical sensitization of the invention, the sele- 
nium sensitization may be combined with sulfur sensitiza- 
tion, tellurium sensitization, reduction sensitization or noble 
metal sensitization. 

As a sulfur sensitizer, is usable those as disclosed in U.S. 
Pat Nos. 1,574,944, 2,410,689, 2,278,947. 2.728,668. 
3.501.313 and 3,656,955. West German Patent Application 
(OLS) No. 1,422,869, and JP-A 56-24937 and 55-45016. 
Examples thereof include thiourea derivatives such as 1 ,3- 
diphenylihiourea. tricthylthiourea and l-ethyl-3-(2thiaz- 
olyl)thiourea; rhodanine derivatives; dithiacarbamic acids, 
organic polysulfide compounds and elemental sulfur, which 
is preferably rhombic a-sulfur. 

The tellurium sensitization and a sensitizing method 
thereof arc disclosed in U.S. Pat. Nos. 1,623,499. 3,320,069, 
3.772,031. 3.531.289 and 3,655,394; British Patent Nos. 
235,211. 1.121.496, 1.295,462 and 1,396.696; Canadian 
Patent No. 800,696: JP-A 204640 and 4-333043. Examples 
of useful tellurium sensitizer include telluroureas (e.g., N,N- 
dimethyllellurourea, letramethyltellurourea. n-carboxy- 
ethyl-N,N'-dimethyltellurourea and N.N'-dimethyl-N*-phe- 
nyltellurourea), phosphine tellurides (e.g., tributylphosphine 
telluridc, tricyclohexylphosphine telluride, triisopropy- 
Iphosphine telluride, bulylisopropyl phosphine telluride and 
dibutylphenylphosphine telluridc), teJluroamides (e.g., lel- 
luroacctoamidc and N,N-dimethyltellurobenzamidc), tcl- 
luroketones; telluroesters; and isotellurocyanaies. Tech- 
niques of using the tellurium sensitizer are similar to those 
of the selenium sensitizer. 

In the invention, a combined use of reduction sensitiza- 
tion is preferable. It is preferable to apply the reduction 
sensitization during the course of forming silver halide 
grains. The reduction sensitization is applied not only with 
growing silver halide grains but also at the state of inter- 
rupting the grain growth, thereafter, reduction-sensitized 
grains arc further grown. 

Gold sensitizers used in the invention include chloroauric 
acid, gold thiosufate. gold tbiocyanaie and gold complexes 
of thioureas, rhodanincs and other compounds. 

The using amount of a selenium sensitizer, sulfur scnsi- 
dzcr, tellurium sensitizer, reduction sensitizer and gold 
sensitizer is, depending on the kind of silver halide and the 
sensitizer, and the ripening condition, preferably within a 
range of .1x10"^ to IxlO"® mol per mol of silver halide, more 
preferably 1x10"^ to IxlO"* mol. 

In the invention, the sdcnium sensitizer, sulfur sensitizer, 
tellurium sensitizer, reduction sensitizer or gold sensitizer 
may be added in the form of a solution by dissolving in 
water, an alcohol or another inorganic or organic solvent; or 
in the form of a dispersion by dispersing in a water- 
immiscible solvent a medium such as gelatin. 

A sensitizing dye can be optionally used in the invention. 
Preferably, for example, are usable cyanine dyes such as 
exemplified compounds of S-11 through S-124 represented 
by formulas (I) to (III) as disclosed in JP-A 1-100533. 

The sensitizing dyes may be added in combination 
thereof, wherein two or more dyes may be added mixedly at 
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the same time or separately at different times. The addition 
amount thereof is 1 to 1000 mg per mol of silver, preferably 
5 to 500 mg. Furthermore, it is preferable to add potassium 
iodide prior to the addition the sensitizing dye. 

The sensitizing dye of the invention may be added during 5 
the period of forming silver halide grains or at any time after 
grain-forming and before coating. It is preferable to add the 
dye prior to the completion of desalting. 

At the time when adding the dye, the pH of a reaction 
solution (conventionally, in a reaction vessel) is preferably lo 
within a range of 4 to 10, more preferably 6 to 9. The pAg 
of the reaction solution is preferably within a range of 5 to 
11. 

The sensitizing dye of the invention may be dispersed 
directly in an emulsion. The dye is also cHssolved in an ^ 5 
optimal solvent methanol, eihanol, methyl cellosolve, 
acetone, water, pyridine or a mixture thereof to be added in 
the form of a solution. Ultraonic may be employed for 
dissolution thereof. The dye may be added in the form of 
solid particles dispersed by use of a high-speed impeller. 20 

An inorganic hne particles having a particle size of 1 to 
300 nm of the invention is an oxide compound comprising, 
as main component, silicon, aluminium, titanium, indium, 
yttrium, tin, antimony, zinc, nickel, copper, iron, cobalt, 
manganese, molybdenum, niobium, zirconium, vanadium, 
alkali metal or alkali earth metal. Among these, from the 
viewpoint of transparency and hardness, is preferable silicon 
oxide (colloidal silica), aluminum oxide, antimony oxide, 
titanium oxide, zinc oxide, zirconium oxide, tin oxide, 
vanadium oxide or yttrium oxide. These inorganic oxide 
particles may be surface-treated with alumina, yttrium or 
cerium so as to enhance dispersion stability in water when 
dispersed in water to form a sol. Examples of the inoi^anic 
fine particles are cited as below. 

A-1 Colloidal silica partially modified by alumina (Aq. 30 

wt % solution, av, particle size of 14 nm) 
A-2 Yttrium dioxide sol (Aq. 15 wt. % solution, av. panicle 

size of 4 nm) 

A-3 Antimony pentaoxide sol (Aq. 30 wt. % solution, av. 

particle size of 50 nm) 
A-4 Alumina sol (Aq. 30 wt. % solution, av. particle size of 

14 nm) 

A-5 Titanium dioxide sol (Aq. 10 wL % solution, av. particle 
size of 14 nm) 

A-6 Zinc oxide sol (Aq. 10 wt. % solution, av. particle size 
of 30 nm) 

A-7 Zirconium oxide sol (Aq. 10 wt. % solution, av. particle 

size of 300 nm) 
A-8 Tin dioxide sol (Aq. 30 wt. % solution, av. particle size 

of 14nm) 

A-9 Vanadium pentaoxide sol (Aq. 10 wt. % solution, av. 

particle size of 30 nm) 
A-10 Colloidal silica partially modified by cerium (Aq. 30 

wt. % solution, av, particle size of 20 nm) 
A-1 1 Alumina sol partially modified by yttrium (Aq. 10 wt, 

% solution, av. particle size of 30 nm) 

The oxide particles preferably be shelled with gelatin 
previously cross-linked so as to increase miscibility with 
gelatin. 

TTie inorganic fine particles shelled with gelatin are the ^ 
particles covered with a gelatin shell hardened with a 
cross-linking agent. Each of the particles may be covered 
with gelatin cross-linked or a plurality of the particles are 
gathered with each other in a form of alloy, which may be 
covered with the gelatin shell. The gelatin shell may have a 65 
thickness of 1 to 500 rmt The surface of the particles may 
be treated with a silane-coupling agent, alumlnate com- 
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pound or titanium compound to modify the miscibility 
thereof with gelatin, a.s disclosed JP-A 4-257849 and 
6-95300 and Uicn the shelling may be applied. 

As the cross-linking agent, are cited hardening agents 
conventionally used for hardening gelatin. Among them, an 
aldehyde, triazine compound, vinylsulfon compound and 
carboxy-activating type hardener are preferably used. 

The gelatin' used includes an alkali-processed gelatin, 
acid- processed gelatin and phthalated gelatin. From th view- 
point of dispersion stabiUty, the gelatin contains preferably 
calsium ions in an amount of 0 to 4000 ppm. 

Tlie particles cover with a gelatin shell arc prepared in the 
following manner. After mixing a gelatin aqueous solution 
and an aqueous dispersion of inorganic fine panicles, to the 
mixture was gradually added a cross-linking agent for 
gelatin with stirring with a high speed stirrer having suffi- 
cient shearing force such as a homomixcr or impeller at a 
temperature of 30° to 80"* C. Dispersing was allowed to 
continue for 1 lo 72 hours at the temperature to obtain the 
gelatin-shelled particles. For the purpose of prohibiting 
coagulation during the dispersion, to the dispersing solution 
was added optimally a polyphosphate salt such as sodium 
pyrrophosphatc, sodium hcxamctaphosphate or sodium tri- 
polyphosphate; polyhydric alcohol such as sorbitol, trim- 
ethylol-propane, trimethylol-ethane or trimethylo-methane; 
or nonionic polymer such as alkyl ester of polyethylene 
glycol. 

Synthesis of the gelatin-shelled particles is exemplified as 
below. 

Synthesis Example- 1 (MA-1) 

Alkali-processed gelatin of 260 g was dissolved in water 
of 8750 inl. While being maintained at 40" C, was added 
thereto 1000 g of colloidal silica partially modified by 
alumina (30 wt. % aqueous solution; average size, 14 nm). 
To the resulting solution with stiring at a high speed with a 
homomixer was added 220 ml of 3.7% formalin solution 
over one minute and then stiiring was allowed to continue 
further over a period of five hours. The resulting dispersion 
was filtered through a filter having a pore of 3 pm in 
diameter to remove coagulants. 
Synthesis Example-2 (MA-2) 

A dispersion was prepared in the same manner as in the 
above described synthesis example- 1, provided that to 1000 
g of colloidal silica partially modified by alumina (30 wt. % 
aqueous solution; average size, 14 urn) lo which was the 
same as in the example- 1, was added 3.0 g of 3-gIycideox- 
ypropyl-trimethoxysilane with stirring at 50** C. for one hour 
was used and and stirring was done at 50° C, for 10 hours. 
Synthesis Example-3 (MA-3) 

A dispersion was prepared in the same manner as in the 
example-2. provided that the following titanium compound 
(TI) was used in place of silane coupling agent. 
Synthesis Example-4 (MA-4) 

A dispersion was prepared in the same manner as in the 
example- 1 , provided that the following compound (RH) was 
used as a hardener. 
Synthesis Examplc-5 (MA-5) 

A dispersion was prepared in the same manner as in the 
example- 1, provided that acid-processed gelatin (TI) was 
used as a gelatin. 
Synthesis Example-6 (MA-6) 

A dispersion was prepared in the same manner as in die 
example- 1, provided tiiat as inorganic particles was used 
antimony pentoxide (average size, 24 nm). 
Synthesis Example-7 (MA-7) 

A dispersion was prepared in the same manner as in the 
example-2, provided that as inorganic particles was used 
antimony pentoxide (average size, 24 nm). 
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The using amount of the inorganic fine particles of the 
invention is 0.05 to 1.0 g in dry weight ratio to gelatin used 
in a layer to be added, preferably, 0.1 to 0.7. The inorganic *5 
fine particles as above-described may be iii combination. 

Besides the organic aggregating particles of the invention, 
particles of polymethyl methacrylate, copolymer of methyl 
mcthacrylatc and methacrylic acid, an organic compound 
such as starch or an inorganic compound such as silica, 20 
titanium dioxide, strontium sulfate or barrium sulfate may 
be used simultaneously as a malting agent, as disclosed U.S. 
Pat. Nos. 2,992,101, 2,701,245, 4,142,894 and 4,396,706. 
The particle si;£e thereof is 0.6 to 10 pm, preferably, 1 to 5 
ixm, 25 

A silicone compound as disclosed in U.S. Pat, Nos. 
3,489,576 and 4.047,958, colloidal silica as disclosed in 
Japanese Patent examined No. 56-23139. parafin wax, 
higher fatty acid esters and starch derivatives may be 
incorporated, as a sliding agent, in the surface layer of the 30 
inventive photographic element. 

A polyol such as trimethylolpropane, pentancdiol, butane- 
diol, ethylene glycol or glycerin may be incorporated, as a 
plasticizer, in a component layer of the inventive photo- 
graphic element. 35 

For the purpose of improvement in pressure resistance, 
polymer latex may be incorporated in a component layer of 
the inventive photographic element. Preferable examples of 
polymer include homopolymer of alkylacrylaie, copolymer 
thereof with acrylic acid or styrcnc, styrene-butadiene 40 
copolymer, a polymer comprising a monomer having an 
active methylene group, water-solubilizing group or a group 
capable of being cross-linked with gelatin or copolymer 
thereof. More preferable is a copolymer of, as main com- 
ponent, alkyl acrylate or styrene with a monomer having 45 
water-solubilizing group or a group capable of being cross- 
linked with gelatin to improve in miscibility with gelatin as 
a binder. Examples of a monomer having water-solubilizing 
group include acrylic acid, methacrylic acid, 2-acrylamidc- 
2-methyl propane sulfonic acid and styrene sulfonic acid. 50 
Examples of a monomer having a group capable of being 
cross-lined with gelatih include glycidyl acrylate, glycidyl 
methacrylate and N-methylolacrylamide. 

In the case when the inventive photographic element is 
employed as a both-sided X-ray photographic material for 55 
medical use, it is preferable to provide a crossover-shielding 
layer for the purpose of improvement in image sharpness. In 
the crossover-shielding layer, may be contained a dye in the 
form of a solid particle dispersion to absorb crossover light. 
Such a dye, if having such a structure as being soluble at a 60 
pH of 9 or more (alkali- soluble) and insoluble at a pH of 7 
or less, is not specifically limited. From the decoloring at the 
time of developing, is preferable a compound of formula (I) 
as disclosed in JP-A 6-308670. 

Preferable developing agent for developing a photo- 65 
graphic light sensitive material of the invention include 
dihydroxybenzenes such as hydroquinone as disclosed in 



JP-A 15641 and 4-16841, paraaminophcnols such as p-anu- 
nophcnol, N-mcthyl-p-aminophcnol and 2,4-diaminophcnol 
and 3-pyra2olidones such as 1 -phcny-3-pyrazolidones 
including 1 -phenyl-3-pyrazolidone, 1 -phcnyl-4-mcthy 1-4- 
hydroxymethyl-3-pyrazolidone and 5,5-dimethyl-I-phenyl- 
3-pyrazolidone. Preferably, these compounds be used in 
combination thereof. 

The araoimt to be used of the above paraaminophenol or 
3-aminopyra7olidone is preferably 0.004 mol/liter or more, 
more preferably 0.04 to 0.12 mol/litcr 

The total amount of dihydroxybenzenes, paraaminophe- 
nols and 3-pyrazolidones is preferably O.l mol/litcr or less. 

As a preserving agent, may be incorporated a sulfite such 
as sodium sulfite or a reduclone such as piperidinohexose 
reductone. The addition amount thereof is preferably 0.2 to 
1 mol/liter, more preferably, 0.3 to 0.6 molAiter. It is 
preferable to add a large amount of ascorbic acid so as to 
improve processing stabilit>'. 

As a pH-adjusting agent, may be incorporated an alkali 
agent such as sodium hydroxide, potassium hydroxide, 
sodium carbonate, potassiimi carbonate, sodium phosphate 
or sodium phosphate. 

As a pH-buflering agent, may be used borate as described 
in JP-A 61-28708, saccharose as described in JP-A 
60-93439, acetooxime, 5-sulfosalicylic acid, phosphate and 
carbonate. These compounds are contained in such an 
amount as to maintain a pH of a developer within a rangrc 
of 9.0 to 13, preferably, 10 to 12.5. 

There may be incorporated a dissolving aid such as 
polyethylene glycols and an ester thereof, a sensitizer such 
as quaternary ammonium salt, a development-accelerating 
agent and a surface active agent. 

As an antisilver-slugging agent, may be incorporated an 
antisilver-siain agent as disclosed in JP-A 56-106244, sul- 
fide and disulfide as disclosed in JP-A 3-51844, cystcin 
derivatives as disclosed in JP-A- 5-289255 and a triazine 
compound. 

As an organic restrainer, are usable an azoic type anti- 
foggants including indazoles, imidazoles, bcnzimidazolcs, 
triazoles, benztriazoles tetrazoles and thiazoles. As an inor- 
ganic restrainer, are included sodium bromide, potassium 
bromide and potassium iodide. In addition, are usable com- 
pounds as described in L; F. A. Mason. "Photographic 
processing Chemistry", Focal Press (1966), pages 226-229, 
U.S. Pat. Nos. 2,193,015 and2.592,364 and JP-A 48-64933. 

As a chelating agent used for masking a calcium ion 
contaminated in tab-water used in a processing solution, is 
cited an organic chelating agent having a chelating stability 
constant with iron of 8 or more, as disclosed in JP-A 
1-193853. As an inorganic chelating agent are cited sodium 
hexametaphosphate, calcium hexametaphosphatc and a 
polyphosphate salL 

As a developer hardener, are usable dialdehyde com- 
pounds. Among these compounds, is preferably used glutar 
aldehyde. 

In the invention, replenishment, which corresponds to 
processing exhaustion and oxidative exhaustion is con- 
ducted at a rate of 35 to 98 ml per m^ of photographic 
element. A replenishing method may be the replenishment 
depending on the width of a photographic material and 
transporting speed thereof as disclosed in JP-A 55-126243; 
area-monitoring replenishment as disclosed in JP-A 
60-104946 and area-monitoring replenishment controlled by 
the number of running-processed films as disclosed in JP-A 
1-149256. 

A preferable fixer may contain fixing materials conven- 
tionally used in the art. The pH of a fixer is 3.8 or more. 
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preferably 4,2 to 5.5. Examples of fixing agents include 
thiosulfates such as ammonium thiosulfate and sodium 
ihiosulfaLe and ammonium thiosulfate is preferable from the 
viewpoint of the fixing speed. A concentration of ammonium 
thiosulfate is preferably 0.1 to 5 mol/liter, more preferably 5 
0.8 to 3 mol/iiter. 

In the invention, there may be used an add hardening 
fixer, in which an aluminium ion is preferably used as a 
hardener For example, it is preferable to add in the of 
aluminium sulfate, aluminium chloride and potassium alum. 

In addition, the fixer may optionally contain a preserver 
such as a sulfite or bisulfite; pH-buffering agent such as 
acetic acid or boric acid; pH-adjusting agent including 
various acids such as mineral acid (sulfuric acid and nitric 
acid), organic acid (citric acid, oxalic acid and maleic acid) 
and chloric acid, and metal hydroxide (potassium hydroxide 
and sodium hydroxide); and chelating agent having capa- 
bility of soflening hard water. 

As a fixing-accelerator is cited a thiourea derivative as 
disclosed in Japanese Patent examined 45-35754, 
58-122535 and 58-122536 or a thioether as disclosed in U.S. 20 
Pat. No. 4,126.459. 

It is preferable that a silver halide emulsion layer of the 
invention has a swelling-in- water ratio at processing of 1 50 
to 250% and a swelled layer thickness is 70 ^m or less. 
When the swelling ratio exceeds 250%, drying defects 25 
occur,, causing a tracking problem in automatic processor 
processing, particularly when rapid-processed. When the 
swelling ratio is less than 150%, developing unevenness and 
residual color are liable to be caused. The term, "swelling- 
in-water ratio" is defined as being a difiference of layer 
thickness between after and before swelling, divided by a 
layer thickness before selling and multiplied by 100. 

The photographic element of the invention displays excel- 
lent performance in rapid processing within a total process- 
ing time of 10 to 30 seconds with an automatic processor. In 
the rapid processing of the invention, the temperature and 35 
time of processing steps such as developing and fixing are 
respectively 25° to 50° C. and 15 sec. or less for each step, 
and preferably 30° to 40° C. and 2 to 10 sec. In the invention, 
the photographic material is developed and fixed, followed 
by washing. In the invention, washing by counter current 40 
flow with 2 or 3 stages is conducted to save water. When 
washing with a small amount of water, it is preferable to 
install a washing bath provided with a squeegee roller. The 
washing temperature and time are preferably 5° to 50° C. 
and 2 to 10 sec., respectively. 45 

The photographic material of the invention is developed, 
fixed, washed and then dried via a squeegee roller. The 
photographic material is dried by the way of heat-air con- 
vection chrying, radiation drying with a far-infrared heater or 
heat-transfer drying with a heat-roller. The drying tempera- 50 
lure and time are 40° to 100° C. and 4 to 15 sec, respec- 
tively. The total processing time in the invention refers to the 
time through which the photographic material is inserted to 
the inlet of a processor, and thereafter it passes through a 
developing bath, a cross-over section, a fixing bath, a 55 
cross-over section, washing bath, a cross-over section and a 
drying zone until the top of the photographic material 
reaches drying section outlet. In the silver halide photo- 
graphic material of the invention, it is possible to reduce the 
amount of gelatin used as a binder in an emulsion layer and 60 
protective layer without deteriorating pressure resistance so 
that rapid processing can be completed within a total pro- 
cessing time of 10 to 30 sec. 

EXAMPLES 

65 

Preferable embodiments of the present invention will be 
explained as below. 
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Example 1 



Preparation of a seed grain emulsion 


Al 


Ossein gclalin 


24.2 g 




Water 


9637 ml 




Sodium polypropyleneoxy-polyethlene- 


6.78 ml 




oxydisucxinate (10% ethanol soluiton) 






Potasium bromide 


10.8 g 




10% nitric acid 


114 ml 


Bl 


2.5N Silver nitrate aqueous solution 


2825 ml 


CI 


Potassium bromide 


824 g 




Potassium iodide 


23.5 g 




Water to make 


2825 ml 


Dl 


1.75N Potassium bromide aqueous solution 
fin amount necessary for control silver potential 





To Solution Al at 35" C. with stirring by a mixer as 
described in Japanese Patent examined Nos. 58-58288 and 
58-58289. were added 464.3 ml each of Solutions B 1 and C 1 
by a double jet method over a period of 1 .5 min. to form 
nucleus grains. After interrupting the addition of Solutions 
Bl and CI , the temperature of Solution Al was raised to 60° 
C. by taking 60 min. and the pH thereof was adjusted to 5.0 
with 3% KOH solution. Thereafter, Solutions of Bl and CI 
were added by a double jet method at a rate of 55.4 ml/min. 
over a period of 42 min. Silver potentials over the period of 
time of raising a temperature from 35° to 60" C. and of the 
double Jet-addition of Solutions of Bl and CI were con- 
trolled so as to be maintained at 8 and 16 mv, respectively, 
using Solution Dl. The silver potential was measured using 
a silver ion-selecting electrode with a saturated silver-silver 
chloride electrode as a reference electrode. 

After completing addition, the pH thereof was adjusted to 
6 with 3% KOH solution and the emulsion was subjected to 
desalting-washing. It was proved by electron microscopic 
observation that the resulting seed grain emulsion was 
comprised hexagonal tabular grains having a maximum 
adjacent edge ratio of 1.0 to 2.0 and accounting for 90% or 
more of die projected area of total silver halide grains 
contained in the emulsion, the hexagonal tabular grains 
having an average thickness of 0.06 |im and an average 
diameter (circle equivalent diameter) of 0.59 ^m. CoefiB- 
cients of variation of the thickness and distance between 
twin planes were 40 and 42%, respectively. 

Preparation of Emulsion Em-1 

Using the above-described seed emulsion and the follow- 
ing four kinds of solutions, there was prepared an emulsion 
containing tabular grains having a core/shell structure. 



A2 


Ossein gelatin 


11.7 g 




Sodium polypropylcQCOJty-polyctbj'lcnc- 


1.4 ml 




oxydisuccinaie (10% ethanot solution) 






Seed emulsion 


0.1 mol 
equivalent 




Waier to make 


550 ml 


B2 


Ossein gelatin 


5-9 g 




Potassium bromide 


6.2 g 




Potassium iodide 


0.8 g 




Water to make 


145 ml 


C2 


Silver nitrate 


10.1 g 




Water to make 


145 ml 


D2 


Ossein gelatin 


6.1 g 




Potassium bromide 


94 g 




Water to make 


304 ml 


E2 


Silver nitrate 


137 g 




Water to make 


304 ml 



5,556,738 
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To Solution A2 at 67° C. with vigorously stirring, were 
added Solutions of B2 and C2 by a double jet method over 
a period of 58 min. and then. Solutions of D2 and E2 were 
added by a double jet method over a period of 48 min., while 
maintained at a pH and pAg of 5.8 and 8.7» respectively. 5 

After completing addition, the emulsion was subjected to 
desalinization-washing. The resulting emulsion had respec- 
tively a pAg and pH of 8.5 and 5.85 at 40** C, containing 0.5 
mol % iodide on ihc average. 

It was proved by electron microscopic observation that 
81% or more of the total projected area of silver halidc 
grains accounted for by tabular grains having an average 
grain size of 0.96 |im, a grain size distribution width of 19% 
and an average aspea ratio of 4.5. The average of distances 
between twin planes (a) was 0.019 \m\ and coefficient of 15 
variation of (a) was 28%. 

Preparation of Seed Grain EmuIsion-2 Seed 
Emulsion -2 Was Prepared in the Following 

Manner. 20 



To a reaction vessel containing Solution A4 maintained at 
60° C, were added Solutions B4 and C4 by a controlled 
double jet method over a period of 30 min. and then 
Solutions C4 and E2 were added by a controlled double jet 40 
method over a period of 105 min. The addition was carried 
out at a stirring of 500 rpm and at a flow rate that produced 
no new clear and did not cause Ostwald ripening to widen 
a grain-size distribution. The pAg at the time of adding silver 
ion and halide ion solution was adjusted to 8.3±0.05 by use 45 
of a potassium bromide solution and the pH was adjusted to 
2.0±0.1 by sulfuric acid. 

After completing addition, the emulsion was adjusted to 
a pH of 6.0 and subjected to washing to remove excessive 
salts according to the procedure as described in Japanese 50 
Patent examined 35-16086. 

It was revealed by electron microscopic observation that 
the resulting seed emulsion was comprised of cube-shaped 
and slightiy chipped tctradccahcdral grains having an aver- 
age grain size of 0.27 and a grain size distribution width 55 
(coefficient of variation of grain size) of I79&. 

Preparation of Emulsion Em-2 

Using the above-described seed emulsion and the follow- 
ing seven kinds of solutions, was prepared a raonodispcrscd ^ 
core/shell type grain emulsion. 



A5 Ossein gelatin 10 g 

Aqueous ammoma solntion 2S ml 

Gladal acetic acid 3 ml 

Seed emul5ion-2 0.119 mol 
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-continued 







cquivalcm 




Wntcr to moke 


600 ml 


B5 


Ossein gelatin 


0.8 g 




PoLESsiun bromide 


5 g 




potassium iodide 


3 g 




Water to make 


110 ml - 


C5 


Ossein gelatin 


2.0 g 




Potassium broinide 


90 g 




Water to make 


240 ml 


D4 


Silver nitrate 


9.9 g 




Aqueous ammonia solution (28%) 


7.0 ml 




Water to make 


110 ml 


E3 


Silver nitrate 


130 g 




Aqueous ammonia solution (28%) 


IQO ml 




V^tcr to make 


240 ml 


Fl 


Potassium bromide 


94 g 




Water to make 


163 ml 


Gl 


Silver nitrate 


9.9 g 




Aqueous ammonia solution (28%) 


7.0 ml 




Water to make 


110 ml 



Solution A5 was maintained at 40° C. with stirring at 800 
rpm witii a stirrer. The solution was adjusted to a pH of 9.90 
by acetic acid and was added thereto Seed emiilsion-2 to 
form a suspension, and then Solution Gl was added at a 
constant rate over a period of 7 min. to make a pAg of 7.3. 
Further, Solutions B5 and D4 were simultaneously added 
over a period of 20 min. The pH and pAg thereof were 
adjusted to 8.83 and 9.0 over a period of 10 min. with 
potassium bromide aqueous solution and acetic add; then. 
Solutions C5 and E3 were further added simultaneously over 
a period of 30 min. 

The ratio of a flow rate at start to that at finish was 1:10 
and the flow rate was increased with time. The pH was 
lowered from 8.83 to 8.00 in proportion to the flow rate ratio. 
When two thirds of Solutions C5 and E3 was added. 
Solution Fl was further added at a constant rate over a 
period of 8 miiL, wherein the pAg was increased from 9.0 to 
II. 0 and the pH was adjusted to 6.0. 

Next, in a similar manner to emulsion Em-1, a monodis- 
persed core/shell type grain emulsion was prepared, com- 
prising slightiy-rounded tctradccahedral grains having an 
average size of 0.4O ^m, an average iodide content of 2 mol 
%, grain size distribution width of 14% and an average 
aspect ratio of 1.2. 

Thus prepared emulsions (Em-1 and Em-2) were heated 
to 60** C. and thereto was added a given amount of spectral 
sensitizing dyes as below, in the form of a solid particle 
dispersion. Thereafter, was further added a mixture solution 
of adenine, ammonium thiocyanate, chloroauric acid and 
sodium thiosulfate and triphenylphophin sclcnide in the 
form of a solid particle dispersion. After 60 nun., silver 
iodide fine grains were added and ripening was conducted 
over a period of 2 hr. in total. 

When having completed the ripening, was added a given 
amount of 4-hydroxy-6-methyl-l,3,3a, 7-tetrazaindene 
(TAI) as a stabilizer. 



Spectral SNisitizicg dye (A) 


120 


mg 


Spectral sensitizing dye (B) 


10 


mg 


Adenine 


15 


rag 


Potassium thiocyanate 


95 


mg 


Chloroauric arid 


Z5 


mg 


Sodium thiosulfate, amount as shown in table I 




TrifAenylpbosphine sclcnide, amount as shown in Table I 






Silver io<lidc fine grains 


2S0 


mg 


TAI 


50 


mg 



Solid particle dispersions of spectral sensitizing dyes and 
triphenylphosphine selenide were each prepared according 



A4 


Ossein gelatin 


100 g 




Potassium bromide 


2.05 g 




Water to make 


11.5 1 


B4 


Ossein gelatin 


55 g 




Potassium bromide 


65 g 




Potassium iodide 


1.8 g 




0.2N Sulfuric acid 


38.5 ml 




Water to make 


2.6 1 


C4 


Ossein gclatia 


75 g 




Potassium bromide 


950 g 




Potassium iodide 


27 g 




Wfeicr to make 


3.0 1 


D3 


Silver nitrate 


95 g 




Water to make 


2.7 1 


E2 


Silver nitrate 


1410 g 




Water to make 


3Jt 1 



5,556,738 
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to the method as disclosed in JP-A 5-297496. Thus, a given 
amount of die dyes was added water ai 27° C, followed by 
stirring at 500 rpm with a high-speed stirrer (Disolver) over 
a period of 30 to 120 min. 
Spectral Sensitizing dye (A): 
5,5'-dich]oro-9-ethyl-3,3'-di-(sulfopropyl)-oxacarbocya- 

nine sodium salt anhydride 
Spectral Sensitizing Dye (B): 
5,5'-di-(butoxycarbonyI)-l,r-diethyl-3,3*-di-(4-sul- 

fobuthyl) benzoimidazolocarbocyanine sodium salt 

anhydride 

Photographic material samples were prepared by simul- 
taneously multilayer-coating the following coating solutions 
on both side of subbed blue-colored polyethylene tereph- 
thalaie support having a thickness of 175 urn in the order of 
a crossover light-cutting layer, emulsion layer and protective 
layer. 

Preparation of Sample 



20 



1st layer (crossover light cutting layer) 



Dye (AH) in the form of a solid particle dispersion 50 mg/m' 

Gelatin 0.2 gfm^ 

Sodium dodecylbenzenesulfonate 5 mg^m' 

Compound (1) 5 mg/m' 

Sodium 2,4- dichloro-6-hydroxy- 1,34- triazinc 5 ms^m^ 

Colloidal silica (average si2e: 0.014 laa) 10 mg^ra' 

Latex (L) 0.2 g/m* 

Potassium polystylcncsulfonate 50 mg/m^ 



30 



2nd layer (emulsion layer) 

To each of emulsions above-described were added the 
following additives. 



potassium tctmchloroparodium (11) 


100 




Compound (G) 


0.5 


mg/m^ 


2,6-Bis(hydroxyaraino)-4-diethylamino- 


5 


mg/m^ 


1,3,5-triazine 






t'Buthylcatccol 


130 


mg/m^ 


PolyvinylpyrroHdonc (M.W.: 10,000) 


35 


mg/m^ 


Siyrcne-raaleic add copolymer 


80 


mg/m^ 


Folystyrenesulfonic odd, sodium salt 


80 


mg/m^ 


(M.W.: 600,000) 






Trimethylolpropane 


350 


mg/m* 


Diethylenc glycol 


50 


mg/m^ 


Nitrophcnyl-triphcnylpbosphonium cblohde 


20 


mgAn' 


Ammoniom 1 ,3-dihydroxybcnzcnc-4-sulfonatc 


500 


mg/m* 


Sodium 2-mercaptobenzimidazole-5-suironale 


5 


mg/m^ 


Compound (H) 


0.5 


mg/m^ 


n-C4H,0ai2ai(OH)CHjN(CH2CO0H)j 


350 


mg/m* 


Compound (M) 


5 


mgAn^ 


Compound (N) 


5 


mg/m^ 


iDvemive inorganic fine grains (Table 1) 


0.5 


eM= 


Latex (L) 


0.4 


mg/m^ 


Dextrin (M.W.: 1000) 


0^ 




Sorbitol 


0.1 


gAn^ 



3nl layer Qowcr protective layer) 

Gelatin 
Latex (L) 

Polyacrylic add, sodium salt (M.W.; 50,000) 
Compound (K) 

4th layer (upper protective layer] 

Gelatin 
TAI 

Inventive aggregate partidcs (TaWc I) 
CoUoidal silica (Av. size: 0.014 jim) 



0.2 g/m^ 
0.2 mg/m* 
30 mg/m^ 
15 mg/m^ 



0.4 g/m^ 
50 rag/m* 
50 mg/ra^ 
10 mg/m^ 
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-continued 



Fonnaldchydc 


20 


rag/m^ 


Sodium 2,4-dichloro-6-hydrQxy- 1 ,3,5-tria73ne 


10 


mg/mi^ 


Bis-vinyUulfonylmethylcthcr . 


36 


mg/ni^ 


Polyocrylamidc (M.W.: 10,000) 


0.1 


g^m^ 


Potysilaxanc (SI) 


20 




Compound (1) 


12 


rogAn^ 


Compound (J) 


2 




Compound (S-I) 


7 


mg/m^ 


Compound (0) 


50 


mg/m^ 


Compound (S-2) 


5 


mg/m^ 


Compound (F-1) 


3 


mg/m^ 


Compound (F-2) 


2 


mg/m^ 


Clompound (F-3) 


1 


mg/m^ 


Compound (P) 


100 


mg/m^ 



The coating amount of the additives as shown above is the 
amount per one side of the support, and coating weight of 
silver is adjusted so as to be 1 ,0 g per one side of the support. 

Compound (S-1) 



Na03S-CHCOO(CH2)2CH(CH3)2 
CH2CCX)(CH2)9CH3 
NaOjS -CHCOOCH2(C2F.)3H 
CH2COOCH2(C2F4}3H 



Compound (S-2) 



25 



35 



40 



45 



50 



CH3 

-fCH2-CH-)3ir -<-CH2-C-)sr^CH2CH2^ 

COOC9Hi9(i) COOC ^CHj 

CH7.CH2 

CH3 

+CH2-C-^ 

COOCH2CH2 
\/ 

o 



Latex (L) 



CH3 CHj CH3 



Polysiloxane (SI) 



CH3-Si— O— Si— O— Si— CH3 n = ~100 
I I I 

CH3 CH3 CH3 

Dye (AH) in the form of a solid particle dispersion 
CN 



CH2CH2OCH3 




The amount of gelatin was adjusted, as shown in T^ble I. 55 



60 
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Compound (H) 



CH3SO3- 



CH2- CH2 



5,556,738 
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-continued 



O-f CH2CH20-)TT-S03Na 



CgHisr 



C9H19 — O-^CHjCHjO-^H 



Confound (1) 



Compound (J) 
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Composition of developer: 



10 



/ C9H,9 




CH2- 



CKCHaCHjO^H 



Cbmpouad (K) 



Pan A (LP make 12 1) 

Holasaum hydroxide 

Polassium sulfiu: (50% solution) 

Di eihylenetri anunepenuiaceiale 

Sodium hydrogen cartwnatc 

5-Methylbenzolriazolc 

1 -Phenyl-5-nicrcapioietrazolc 

Hydroquinone 

Water to makA 

Part-B (LP malcE 12 1) 



Glacial acetic acid 
Tricthylcnc glycol 
J J 1 -Phenyl- 3-pyrazolidonc 
S-Nitroindazole 
Starter 



(a mixture of n = 2-5) 



C, ,Hi,C0NH(CH,CH20),H 

C9Fi90(CHjCH20)i,H 
QFi7S02N(CH2CH20)i5H 

C8FnS02N(CH2CH20)4CCH2)4SOjNa 
C3H7 

SH \ 

SOjNa 



r w 

SH \ 

COOH 



Compound (O) 
Compound CF-I) 
Compound (F-2) 
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Glacial acetic acid 
Potiusium bromide 
Water to make 
Composition of Fixer: 

Part-A (to make 18 1) 



Ammonium thiosulfaic (70 wi./val. %) 
Sodium sulfite 
. 25 Sodium acetate trihydridc 
Sodium citrate 
Compound (F-3) Gluconic acid 

l-(N,N-dimcthylamino)-cthyl-5-mcrcaptotctra2ole 
Pait-B (to make 18 1) 

Compound (M) 30 Muniinum sulfate 



450 g 
2280 g 
120 g 
132 g 
1.2 g 
0.2 fi 
340 g 
5000 ml 



170 g 
185 g 
22 g 
0,4 g 



120 g 
225 g 
1.0 1 



6000 g 
110 g 
450 g 
50 g 
70 g 
18 8 



800 g 



Compound (N) 



35 



40 



N— C— *N \)— 



Comppund (P) 



CH2CH2SO3- 



1) Evaluation of Sensitivity 

Samples, after aged at 23* C. and 55% R.H. for three 
days, were each sandwiched with intensifying screens for 
X-ray photography use, KO-250 CProduct of Konica), 
exposed to X-ray through Penetrometer type B and pro- 
cessed with a developer and fixer having the following 
compositions under the conditions as below using a roller- 
transport type automatic processor SRX-501 (product of 
Konica). Swell ratio during processing of each sample was 
within a range of 180 to 220%. 

Processing condition: 



45 



50 



55 



Step 


Temp. 


Time 


Developing 


35* C. 


14.0 see. 


Fixing 


34» C. 


9.7 sec 


Washing 


26' C. 


9.0 sec. 


Squeezing 




2.4 sec. 


I>rying 


55* C. 


8.3 see. 


Total 


(diy to dry) 


43.4 sec. 
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To prepare the developer. Parts A and B were simulta- 
neously added to 5 liters of water and with stirring, was 
further added water to make, 12 liters in total, followed by 
adjusting a pH thereof to 10.40 with acetic acid. The 
resulting solution was made a developer replenishing solu- 
tion. To this replenishing solution was added the starter as 
above-described of 20 ml per 1 liter, followed by adjusting 
a pH to 10.26 to make a working solution. 

To about 5 liter of water were added simultaneously Part 
A and B with stirring and water was further added to make 
18 liter in total, followed by adjusting a pH thereof to 4.0 
with sulfuric acid and sodium hydroxide. The resulting 
solution was used as a fixer replenishing solution. 

Sensitivity was defined as a relative value of reciprocal of 
exposure amount required for giving a density of fog -i-1.0, 
in which the sensitivity of sample 1 was set to 100. 

2) Evaluation of Roller Mark 

The sample was exposed overall in such an amount that 
gives a density of 1.0, and processed in the manner as 
above-described. In the processing were used a development 
transport rack and crossover rack between a developer bath 
and fixer bath which were fatigued. Transport rollers of each 
rack had uneven surface having a peak to valley distance of 
about 10 [im caused by fatigue. 

After processed, occurrence of fine spot-like uneven den- 
sity caused by pressure due to the uneven surface was 
observed particularly in a sample deteriorated in pressure 
resistance. 

The level thereof was visually evaluated based on the 
following criteria 
5: No occurrence of spot 

4: Slight occurrence of spots with no problem in practical 
use 

3; Occurrence of a small number of spots at an allowable 
level of causing no occurrence of spots in normal rack. 



5,556.738 
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2: Occurrence of spots at a level of causing to occur spots 

even in a normal rack. 
1: Occurrence of a large number of spots at a level of 

causing to occur spots always in a nonnal rack. 
Results thereof are shown in T^ble 1. 



TABLE 1 





Gcktin 




Inorganic 


Organic 






Sample 


content 


Sensitizer 


fine 


aggregation 






Na. 


Emulsion (gto^) 


S Sc 


particles 


particles 


Sensitivity 


Roller niark 



1 (C) 


Em-1 


2.7 


2.8 


0 


None 


Comp. a 


100 


3 


2(C) 


Em-1 


2.7 


2.8 


0 


None 


B-1 


100 


3 


3(C) 


Em-1 


2.3 


2.8 


0 


None 


Comp. a 


120 


2 


4(1) 


Em-1 


2.3 


2.8 


0 


None 


B-1 


120 


4 


5(T) 


Em-1 


1.8 


2.8 


0 


None 


B-1 


140 


4 


6(1) 


Em-1 


1.5 


2.8 


0 


None 


B-1 


160 


4 


7 0) 


Em- 1 


1.8 


2.8 


0 


None 


B-n 


140 


4 


8 0) 


Em-1 


1-8 


2.0 


0.4 


None 


B-l 


180 


5 


9(1) 


Em-1 


1.8 


2.8 


0 


A- 1 


B-1 


150 


5 


10 (1) 


Em-1 


1.8 


2.8 


0 


A-2 


B-1 


160 


5 


11 0) 


Em-1 


1.8 


2.8 


0 


A-3 


B-1 


160 


5 


12 (1) 


Em-1 


1.8 


2.8 


0 


MA-1 


B-1 


155 


5 


13 (I) 


Em-1 


1.8 


2.8 


0 


MA-2 


B-1 


160 


5 


14 (I) 


Em-1 


1.8 


2.8 


0 


MA-7 


B-1 


160 


5 


15 (I) 


Em-1 


1.8 


2.0 


0.4 


A-1 


B-1 


190 


5 


16 (1) 


Em-1 


1.8 


2.0 


0.4 


A-2 


B-1 


200 


5 


17 (I) 


Em-1 


1.8 


2.0 


0.4 


MA-1 


B-l 


195 


5 


18 a) 


Em-1 


1.8 


2.0 


0.4 


MA-2 


B-1 


200 


5 


19 CO 


Era-2 


2.7 


2.8 


0 


None 


B-1 


80 


1 


20(1) 


Em-2 


23 


2.8 


0 


None 


B-1 


100 


4 


21 a) 


Em-2 


1.8 


2.8 


0 


None 


B-1 


110 


4 


22 a) 


Em-2 


1.5 


2.8 


0 


None 


B-1 


120 


4 


23(1) 


Em-2 


1.8 


2.8 


0 


A-1 


B-1 


120 


, 5 


24 0) 


Em-2 


1.8 


2.8 


0 


A.2 


B-1 


130 


5 


25 0) 


Em-2 


1.8 


2.8 


0 


MA-1 


B-1 


125 


5 


26 (I) 


Em-2 


1.8 


2.8 


0 


MA.2 


B-1 


130 


5 



C: Comparison 
I: Invention 

S: Sodium iMosulfale (mg/mol Ag) 

Se: Triphenylphosphine selenide (mg/mol Ag) . 40 

Comp.a: Polymethyl melhacrylate particles having an 
average size of 4.0 )im 

As can be seen from the table* it is proved that inventive 
samples were high in sensitivity and excellent in pressure 
resistance without occurrence of roller marks (spot). 45 



Example 2 

Samples Nos. 1 to 18 were exposed to X-ray and pro- 
cessed with the same developer and fixer as in Example 1 
using a modified SRX-501 type processor at a higher 
transporting speed. Running processing was continued 
under the following processing condition 1 or 2 until a 
steady state was reached to prepare running-equilibrium 
solutions 1 and 2. 
Ultra-Rapid Processing (B) 





Temp. 


Time 


Developing 


38* C 


7.0 sec. 


Fixing 


37* C. 


4.0 sec. 


Washing 


26" C. 


7.0 


Squeezing 




2.4 sec. 


Drying 


SS** C. 


4.0 sec. 


Total 


(Dry to dry) 


24.4 sec. 



60 



65 



Replenishing rates were varied as below: 





(Condition 1) 


(Condition 2) 


Developer-replenishing rale 


14.0 ml* 


7.0 ml* 




(180 ml/m*) 


(90 ml/m*) 


Fixcr-rcplcnishing rate 


14.0 ml* 


7.0 ml* 




(180 ml/m^) 


(90 ml/m*) 



(*: per sheet having a size of 10 x 12 inches) 



Samples Nos. I to 13 were processed with the above 
running equilibrium solution 1 (Condition 1) or 2 (condition 
2)under,rhe ultra-rapid processing condition B. and evalu- 
ated with respect to sensitivity and roller marks. 

TABLE 2 

Sensitivity Roller mark 

Sample No. Condition 1 Condition 2 Condition 1 Condition 2 



1 


100 


50 


1 


2 


100 


60 


1 


3 


120 


60 


1 


4 


120 


too 


4 


5 


140 


120 


4 


6 


160 


140 


4 


7 


140 


120 


4 


8 


180 


170 


5 


9 


150 


130 


5 


10 


160 


145 


5 


11 


160 


145 


5 


12 


160 


150 


5 


13 


160 


150 


5 


14 


160 


150 


5 



5,556.738 



19 



TABLE 2-coniiiiucd 



Sample No. 


Sensitivity 


RoUcr mark 


Condition 1 Condinon 2 


Condition 1 Condition 2 


15 


190 ISO 


5 5 


16 


200 195 


5 5 


17 


195 185 


5 5 


18 


195 185 


5 5 



10 



20 



As can be seen from Table 2, inventive samples were 
shown 10 be litule lowering in sensitivity and excellent in 
pressure resistance without occurrence of roller mark, as 
compared to comparative samples. 

What is claimed is: 

1, A silver halide photographic element comprising a 
support having, on at least one side thereof, a light-sensitive 
silver halide emulsion layer and a nonlight- sensitive hydro- 
philic colloidal layer, wherein said nonlight-sensitive layer 
contains organic material-aggregation particles; and gelatin 
contained in the total hydrophilic colloidal layers provided 
on one side of the support amounts to a range of 1 .3 to 2.5 
g per of a photographic element. 

2, The photographic clement of claim 1, wherein said 
aggregation particles have an average size of 1.0 to 20.0 ^m 25 
and are comprised of fine panicles in an aggregated form; 
said fine particles having an average size of 0.05 to 0.50 pm 
and comprising polyalkyl mcthacrylatc, polyalkyl acrylatc 

or polystyrene. 

3, The photographic element of claim 2, wherein said 
aggregation particles are contained in an amount of 10 to 
200 mg per of the photographic element 



30 



20 



4. The photographic element of claim 1, wherein said 
silver halide emulsion layer contains tabular grains having 
an average aspect ratio of grain diameter to thickness of 2 or 
more and accounting for 50% or more of the total projected 
area of grains contained in the emulsion layer. 

5. The photographic element of claim 4. wherein said 
tabular grains are selenium-sensitized. 

6. The photographic element of claim 4, wherein said 
tabular grains comprise silver iodobromide or silver iodoch- 
lorobromide. 

7. The photographic element of claim 1, wherein said 
silver halide emulsion layer further contains inorganic fine 
grains having an average grain size of 1 to 300 nm and 
comprising a silicon oxide, aluminium oxide, antimony 
oxide, titanium oxide, zinc oxide, niobium oxide, zirconium 
oxide, tin oxide, vanadium oxide or yttrium oxide. 

8. The photographic element of claim 7, wherein said 
inorganic fine grains comprise silicon oxide, antimony oxide 
or yttrium oxide. 

9. The silver halide photographic clement of claim 7, 
wherein said inorganic fine grains are each covered with a 
gelatin shell. 

10. A method of processing the photographic element as 
claimed in claim 1 with an automatic processor, comprising 
developing the exposed photographic element in a devel- 
oper, fixing the element in a fixer, washing and drying, 
wherein said developer is replenished by a developer-re- 
plenishing solution at a rate of 35 to 94 ml/m^ of the 
clement, said photographic clement being processed over a 
period of time of 10 to 30 seconds in total. 



RELATED PROCEEDINGS APPENDIX 



The decision for Appeal No. 2006-0712 before the Board of Patent Appeals and 
Interferences is attached. This appeal involved a rejection over U.S. Patent 5,549,880 to 
Koksbang. 
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The opinion in support of the decision being entered today was not written for 
publication and is not binding precedent of the Board. 
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Before GARRIS, WARREN, and WALTZ, Administrative Patent Judges, 
WALTZ, Administrative Patent Judge. 



DECISION ON APPEAL 

This is a decision on an appeal from the primary examiner's 
final rejection of claims 47 through 52.^ The remaining claims 
pending in this application are claims 1, 4 through 11, 13 through 
28, and 30 through 46, all of which have been allowed by the 



^An amendment subsequent to the final rejection was 
submitted by appellants and entered by the examiner (see the 
amendment dated Mar. 5, 2004, entered as per the Advisory Action 
dated Mar. 23, 2004; Brief, page 2). We note that the word 
"collection" in claims 4 8-50 does not find antecedent basis in 
claim 47, 




V 



Appeal No. 2006-0712 Page 2 

Application No. 09/606,884 

examiner (Brief, page 2; Answer, page 2, 5(3)). We have 
jurisdiction pursuant to 35 U.S.C. § 134. 

According to appellants, the invention is directed to cathode 
compositions comprising submicron vanadium oxide particles and a 
binder, where these particles provide superior battery performance, 
especially in lithium-based batteries (Brief, page 2) . 
Representative independent claim 47 is reproduced below: 

47. A cathode composition comprising vanadium 
oxide particles having an average diameter from 
about 5 nm to about 500 nm and a binder. 

The examiner has relied on Koksbang, U.S. Patent No. 
5,549,880, issued on Aug. 27, 1996, as the sole evidence of 
unpatentability (Answer, page 3) . Claims 47-52 stand rejected 
under 35 U.S.C. § 102(a) and (e) as anticipated by Koksbang (id.). 
For reasons stated in the Brief, Reply Brief, and below, we reverse 
the rejection on appeal. 

OPINION 

The examiner finds that Koksbang discloses secondary lithium 
batteries comprising a "lithiated vanadium oxide cathode active 
material," a lithium metal anode, and a polymer electrolyte or 
solid electrolyte separator, where the vanadium oxide particles are 
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''in the form of a fine powder having a surprisingly small particle 
size on the order of 0.1 to 5 microns" (Answer, page 3). 

The initial burden of establishing unpatentability, on any 
ground, rests with the examiner. See In re Oetiker, 977 F.2d 1443, 
1445, 24 USPQ2d 1443, 1444 (Fed. Cir. 1992). As correctly argued 
by appellants (Brief, pages 8-10; Reply Brief, pages 2-3), Koksbang 
does not disclose or suggest that the range of particle sizes 
taught is an average size or diameter as required by claim 47 on 
appeal and the examiner has not convincingly established that the 
disclosure of Koksbang should be interpreted or construed as an 
"average" size or diameter (Answer, page 4) . The examiner has 
cited the different methods of preparation taught by Koksbang as 
evidence that it is ''reasonable" to interpret the range taught by 
the reference as a range of average particle sizes, which thus 
overlap with the claimed range (id.). This evidence is not 
convincing for the following reasons. As correctly argued by 
appellants (Reply Brief, page 2), there is no disclosure or 
suggestion in Koksbang that the variation in reaction starting 
materials or parameters would alter the product properties, e.g., 
the particle sizes of the product (see col. 4, 11. 15-65). 
Furthermore, Koksbang specifically teaches the criticality of the 
"particle size" of the product, disclosing a range of particle 
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sizes but never disclosing or suggesting an average of particle 
sizes or diameters (col. 2, 11. 59-61; col. 5, 11, 1-6; and col. 6, 
11. 56-60) . We note that the examiner has not submitted any 
substantive evidence that the term ''particle size" was known in 
this art to mean an average particle size. 

The examiner has found that the vanadium oxide particles 
disclosed by Koksbang are in the form of a fine powder with a 
particle size "on the order of 0.1 to 5 microns" (Answer, page 3). 
However, the examiner admits that Koksbang discloses ''a lithiated 
vanadium oxide cathode active material" (Answer, page 3), and 
Koksbang only discloses particle sizes for the lithium vanadium 
oxide product (col. 2, 11. 59-61; col. 5, 11. 1-6; and col. 6, 11. 
56-61) . We find no disclosure in Koksbang of any particle size for 
the vanadium oxide per se (e.g., see col. 4, 11. 15-40). We have 
construed the term "'vanadium- oxide particles" as found in claim 47 
on appeal with "the broadest reasonable meaning of the words in 
their ordinary usage as they would be understood by one of ordinary 
skill in the art," taking into account any enlightenment of the 
term in the specification. In re Morris r 127 F.3d 1048, 1054, 44 
USPQ2d 1023, 1027 (Fed. Cir. 1997). Appellants' specification 
discloses vanadium oxide nanoparticles per se, as well as the 
production of only vanadium oxide (see Figures 5-12; specification, 
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page 4, 11. 19-21; page 5, 1. 18-page 6, 1. 17; and page 14, 1. 8 
at seqr. ) , Although the transitional term ^'comprising" opens claim 
47 on appeal to other elements or components,^ we determine that 
the claimed "vanadium oxide particles," as understood by one of 
ordinary skill in this art and consistent with the specification, 
does not encompass other materials such as intercalated lithium.^ 

For the foregoing reasons and those set forth in the Brief and 
Reply Brief, we determine that the examiner has failed to establish 
a prima facie case of anticipation in view of Koksbang. Therefore 
we cannot sustain the rejection on appeal. 



^See Vehicular Techs, v. Titan Wheel Int'l, Inc., 212 F.3d 
1377, 1383, 54 USPQ2d 1841, 1845 (Fed. Cir, 2000) ("A drafter uses 
the term ^comprising' to mean U claim at least what follows and 
potentially more.'"). 

^See related Appl. No. 09/246,076, now U.S. Patent No, 
6,225,007 Bl, issued May 1, 2001, 
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The decision of the examiner is reversed. 

REVERSED 




BRADLEY R. 
Admini^ 




RRli 
e Patent Judge 




F. WARREN 
Administrative Patent Judge 



a. 




THOMAS A. WALTZ 
Administrative Patent Judge 
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